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DISSERTATION XII.

OF THE

FORMS OF CRYSTALS,

PARTICULARLY THOSE OF

THE SPATHACEOUS KIND.

§ I. Infinite Variety ofi the Forms of Cfyfials,

RY STA L S are bodies which, though
deftitute of organic ftrudture, yet ex-

ternally refemble geometrical figures, more
or lefs regular. If we attend to the nu-
merous colledtions of thefe, we fhall be ready

to conclude, that nature has elfedtually

eluded our refearch by the infinite Variety ;

for frequently bodies widely differing in

their nature and properties refemble one an-

other in figure ; and, on the contrary, thofe

which are exactly alike in properties put

VoL. II B on
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on external appearances entirely different j

yet, upon a careful examination and com-
parifon of this variety of figures, we fhall

find, that a great number of them, though
their furfaces differ with refpedl to their

angles and fides, may be derived from and
referred to a very fmall number of fimple

figures.

Unlefs thofe figures, which are not im-
properly called primitive, be thoroughly in-

veftigated, the whole dodirine of cryflalliza-

tion will flill continue to be, as it has been

heretofore, a perfect chaos ; and thofe who
undertake the defcription or methodical dif-

tribution of cryflallized bodies, will in-

evitably lofe their labour. For a feries of

years I have confidered this intricate fubjedl

with much attention ; and I hope that my
efforts have not been altogether void of fuc-

cefs. I proceed to exhibit fome fpecimens

chiefly from the order of fpathaceous cryf-

tals, and fhall then endeavour to explain

(as far as can be done upon a plane furface)

how the fpathaceous cryftals, fuitably ag-

glutinated together, may form the great

variety of diffimilar bodies which are to be

found among cryftals.

§11. Various Figures derivedfrom the

fpathaceous Form.

The calcareous fpar, as is well known,
confifts of a teffera, or oblique parallelopi-

ped|
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pfed ; all whofe planes are rhombi of fuch

a kind, that the obtufe angles are equal to

ioii% and the acute to 781°. Let iis now
fee how, by a proper accumulation of fuch

fimilar parallelograms, cryftals of the moft
oppofite forms may be generated.

(a) Let A c E G o, fig. I. tab. i. repre-

lent a fpathaceous nucleus, through whofe
oppofite angles, d o, the axis h o paffes :

let us fuppofe, that contiguous rhombi are

applied to this, above and below ; and that

thefe rhombi are equal, fimilar, ahd parallel

to the fubjacent planes of the nucleus

;

thefe, to avoid confufion in the figure, we
lhall only reprefent by the rhombi m p, m qj

and M T, which will be fufficient for thofe

who are {killed in geometry and perfpec-

tive.

By this method an hexaedral prifm is

generated, confifting of fix equal and fimilar

parallelograms^ and terminating at both ends

in three rhombi, which unite, and form a

folid angle : this form of cryftallization be-

longs to fome of the calcareous tribe, but
more particularly to fchoerls j it is therefore

called the fchoerlaceous form.

(b) If the accumulation of the planes is

flopped when the fides of the prifm have

acquired a rhomboidal nature, we fhall have
a dodecaedron included by rhombi : this is

the ufual form of garnet, when perfedl.

(c) The gametic form is eafily changed
B 2 into
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into another, 'uiz. into that in which the

hyacinth often prefents itfelf : this is ef~

fed:ed by the regular application of equal

and fimilar rhombi to each of the folid an-

gles, which are compofed of four planes,

for the garnet has fix fuch, when complete

as to figure, and eight with three fides ; let

fig. 2. be confulted, where the dotted lines

exprefs the genefis of the prifm more intel-

ligibly than words can poflibly do. In this

operation the four rhombi are changed into

an equal number of oblong hexagons ; l h
A B into L H h a b B, &c. &c. &c.

(d) Sometimes planes are applied, fimilar

indeed to the fundamental planes, but de-

creafing according to a certain law : this

decreafe, whether owing, as is moft proba-

ble, to a deficiency of matter, or to fome

other caufe, mufi: neceifarily change the ap-

pearance of the terminating planes, and oc-

cafionally either augment or diminifli their

number. Let us now return to fig. i.—fup-

pofe fimilar planes, but continually decreaf-

ing (m p, M q, M t), applied to the internal

nucleus, thefe will ultimately end in an

apex on both fides j fo that, inftead of a

prifm, we fliall have a double pyramid, one

tending upwards, the other downwards :

at the furface the planes which meet form
interfeftions or common bafes, whofe angles

alternately tend upvvards and downwards, as

is fhewn by g f e a c b o : this is the form
of
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of the calcareous cryflals, which are called

by the miners pig - tooth fpars fdentes
fuilli.J

It is evident, that the axes of the pyra-

mids are the longer, in proportion as the

rhombi decreafe moreflowly; and the con-
trary.

If the decreaiing feries is flopped before

the ultimate fides of the accumulated planes

vanifli, truncated apices will be generated

;

of which frequent examples occur.

In the calcareous pyramidal cryftal juft

defcribed, if the dorfal margins ah, b h, or

F H, be cautioufly ftruck, they break off in-

to fpathaceous tefferffi ; but this is not the

cafe with the alternate margins c ii, e h,

and G H, which it is fcarce poffible to bring

to that ftate ; the reafon is evident—-in
the former cafe the diredtion of the blow is

parallel to the accumulation of the planes ;

whereas, in the latter, it meets the interfedtion

of two planes :—this property alfo obtains in

the lower pyramid, v/ith this difference, how-
ever, which neceffarily refults from the very

ftrudfure, namely, that the margin a i muft
produce a diredfly oppofite effedf from the

margin ah
; and the fame "is true of the

reft, J7iiitatis mutandis.

(e) Frequently, alfo, the fundamental
planes themfelves are imperfedl ; if, in this

cafe, planes fimilar to them be added, forms
of cryftals muft be generated more or lefs

unlike the perfedl form.—Examples of this

B 3 are
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are very numerous ; but iri this place it will

be fufficient briefly to explain a few.

Let A B c D E p G, flg. 3, reprefent the

three rhombi which conftitute the apex of
a perfect: fchoerlaceous cryftal ; let us now
fuppofe the rhombus a g truncated in the

diredlion of the line a b ; c g along c d ;

44d E G along e f. This being the cafe, the

regular hexagonal figure of the prifm a b c

D E F is changed to an irregular one, a b b c

d D e f F, confining of nine unequal fides,

v/hofe apex is compofed of three irregular

pentagons, abBGF, cdpcB, and e f f

G D. I have now in my polTeffion cryflals

of this form, both calcareous and fchoerla-

ceous : to this clafs rqay be referred in ge-

neral the rough turmalins, particularly thofe

of Tyrol and Ceylon, of which we fhall

fpeak more exprefsly (a) hereafter.

It is obvious that pentagonal periphery

abBGF approaches more nearly to trian-

gular, in proportion as the difliance between

a b and R f grows lefs ^ the fame is true of

the reft : and when thefe diftances become
evanefeent, a triagonal prifm is formed, teiv

minated by three triangles : if the cutting line

a b, c d, e f, approach ftill nearer to the

center g, and equally, the form ftill remains

the fune.

(f) The gametic figure may be conceived

US that of an hexaedral prjfm, terminated at

(a) De Terra Turmalini.



OF THE FORMS OF CRYSTALS. 7

each end by three rhombi, meeting at the

apex ; and it may be compofed of four equal

fpathaceous tefferze properly adapted ; I have

already mentioned its genelis (b) ; and its

form is marked by the capital letters in fig. 4.

If now, in the place of complete rhombi,

we fuppofe accumulated in the fame man-
ner about its axis others, whofe three ex-

ternal angles are truncated, or, which is

the fame thing, if the longitudinal margins

of the prifm be cut by planes parallel to the

axis, a dodecaedron will arife, confifting of

pentagons, which are indicated in fig. 4. by
the fmall letters. Calcareous cryflals of
this kind fometimes occur, but they are

generally fo low, that e nearly coincides

with a, c with d, &c. ; fo that the pentagon

a b c d e becomes almoft of a triangular

figure, which is the figure attributed to

them by fome authors, who are ignorant of
their true nature. Among the pyritacea we
may fometimes obferve inftances of this

variety complete.

Sometimes all the margins of the garnet

are truncated, fo that the number of in-

cluding fides increafes to twenty-four ob-
long hexagons ; a change which may eafily

be derived from the pofitions already laid

down . If the interfedlion c d, of the planes

e c and c r, falls without the plane b g, a

figure of a very different kind will be gene -

rated.

B 4 (g) The
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(g) The hyacinthine figure (art. c) alfo

fometimes labours under defeats peculiar to

itfelf. I lhall mention one very remarkable

variety which is met with in Hartz mines {^)

:

there the cryftals fometimes appear of a cru-

ciform figure (abcdefghiklm,
fig. 5.); the apex is at c, the figure a b c
b c a is all in the fame inclined plane ; and
that is the cafe with the other three homo-
logous figures. Now, in order to jnvefti-

gate the primitive form, let the rhombi c n,

CO, CP, and c Q^be completed there, to an
eye placed high in the axis, pafling through
c, will appear like fquares fituatedjn the

fubjacent plane, and we lhall have the ru-

diments of this hyacinthine figure : for we
may alfo conceive the granite form as a qua-
drangular prifm,^ compofed of four rhombi,
touching one another only in their apices,

and terminated at each end in four rhombi,
meeting at the apex. This form, if a little

protradted, or, what is the fame thing, en-

creafed by applying to the apices fimilar and
equal planes, becomes the hyacinthine form,

and therefore may without impropriety be

denominated the rudiment of it.

(h) If the added planes be fimilar to one
another, but not fimilar to the fundamental

planes, prodigious varieties will arife from
hence ; but I think it unnecelfary at pre-

(^) F. Ehrhart, that unwearied obferver of nature,

fent me fome of thefe : they are filiceous, not calcareous,

though they have the appearance of the latter,

fent
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fent to multiply examples, as what has been

already faid, if well underftood, will be

found abundantly fufficient to Ihew how,
by a plain and limple method, many other

figures may be reduced to the primitive

forms.

(i) If any one imagines this dodtrine to

be purely geometrical and fpeculative, let

him carefully examine the calcareous cryf-

tals, the loofe texture of which, if cau-

tioufly and Ikilfully broken, will complete-

ly fhew the internal ftrudture (c) : as to the

harder cryftals, endowed with the forms
above mentioned, their parts cohere fo ftrong-

Jy that they can fcarcely be broken : the

fchoerls exhibit the fpathaceous texture

veiy plainly j and there is no doubt, but the

garnets themfelves are compofed of la-

mellsB, as will readily appear to an atten-

tive eye.

(k) Finally, we may add one peculiar

obfervation concerning prifmatic and hexa-
gonal calcareous cryftals, truncated perpen-
dicularly ; fuch fometimes occur, and they
cannot derive their origin, in the manner
above defcribed, from the fpathaceous par-

ticles, and by no other way can hexagonal
prifms be generated : what then is the caufe

which deftroys their apices ?— I confefs this

to be a queftion which I am wholly unable

{c) My pupil, Dr. Gahn, firft obferved the central

nucleus in pyramidal calcareous cryftals.

7 to
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to anfvver, iinlefs we may affume an accu-

mulation of planes, more and more defi-

cient around, the axis. We may from hence

conclude, that fomething unufual occurs, as

the truncated extremity is opaque, while

the reft of the prifm is tranfparent ; but the

upper hexagonal fedlion is fmooth and po-

liftied.

(l) We have feen then prifms of three,

four, fix, or nine fides, occafionally termi-

nated by various apices : we have feen py-
ramidal, dodecaedral, cruciform, and other

very different figures, generated from the

fame fpathaceous form : befides, we lhall

obferve, that thefe almoft all occur, though
the nature of the fubftance remains the fame;

and from thence we fhould be induced to

put but little confidence in figure. If then

this teft, which undoubtedly is the moft
remarkable, fo far as externals reach, is of

fo little ufe, of what value can the others

be ?—and with what fuccefs can we hope to

form a fyftem of mineralogy upon fuch dif^

tindions ? External criteria fhould certainly

not be negleded, but he who trufts impli-

citly to them deceives himfelf ; they may,
to an experienced obferver, yield fome af-

fiftance, but can never ferve to determine

his aftent.

^
III. Siruc-
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§ III. Stru6iiire of the mof minute

Parts.

As fo great a variety of forms may be

produced by the fpathaceous particles accu-

mulated in different ways, it is probable

that the differences of all cryflals, with re-

fpedt to externals, are owing to varieties in

their mechanical elements. But here a

queltion may properly be flatted,—whether
the moft minute molecules, and as it were
the flamina, are paturally pofleffed of a de-

terminate angular figure, or whether they

firft acquire it during cryflallization ?—In

anfwer to this queflion I beg leave to men-
tion fome circumflances which occurred to

me in the courfe of obfervation.

(a) If the fmall particles wdiich feparate

from lime-water, when expofed to the air,

be infpedled with a microfcope, they will

be found fpathaceous,

(b) The greater fpathous tefferje, when
accurately examined, are frequently found
with flricB running diagonally (fuch as we
fhall hereafter find appear in faline cryflals)

which difcover their internal flrudlure.

(c) The cubes of common fait not only
exhibit diagonal flrise, but frequently, upoq
each fide, they fhew fquares parallel to the

external furface, and gradually decreafing

inwards ( fig. 6 ) y circumflances which
fhew the veftiges of their internal ftruclure :
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for every cube is compofed of fix quadran-

gular hollow pyramids, joined by their

apices and external furface ; each of thefe

pyramids filled up others fimilar, but gra-

dually decreafing, completes the form. By
a due degree of evaporation it is no difficult

matter to obtain thefe pyramids feparate

and diftinft (as in fig. 7), or fix of fuch,

either hollow, or more or lefs folid, joined

together round a center j this is the whole
courfe of the operation, from beginning to

end. All this is true of the falited vegetable

alkali, commonly called fal digefiivus fyl-

vii i of the cryfiallized luna cornea (d)

;

of

the galena, or fulphurated lead, which is

frequently tq be generated at Fahlun in the

heaps, roafhed, as it is calledJub diofrigide

;

quadrangular nitre too, which is of the fpa-

thous form, produces a fimilar congeries of

pyramids, and thefe almoft equally diftindl

with the preceding cubic cryflals. A folu-

tion of alum, upon evaporation, does ge-

nerally produce folid oftaedra ; but fome-
times it alfo exhibits hollow pyramids, and

upon fuch of them as are complete the junc-

tures are very diftindlly marked by confpi-

cuous lines.

(d) Sometimes too other falts indicate

the fame conftrudion by vifible diagonals.

The Rochelle fait forms an hexagonal

prifm; a fedion of which is fiiewn by fig. 8 :

(d) C, H. Lommer, votn Hornertza.

when
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when this kind of cryftal is complete, the

manner of arrangement among the internal

particles is entirely unknown ; but when the

cryftal is formed on the bottom of the vef-

fel, the lower fide cannot be perfect (fig. g);
and this parallelogram exhibits two diago-

nals diftinftly (fig. 10.) This is alfo the cafe-

with the fait extracted from human urine,

which is called microcofmic fait : befides,

we ftiould obferve of the vertical triangles,

that they are alternately tranfparent and
opaque in pairs ; which plainly points out

a difference in the fituation of their ele-

ments. I have alfo fom.e cryftal s of nitre

marked with diagonals, a circumftance

which in others is generally concealed by
the clofe connexion of the particles.

(e) If we examine the hollow pyramid
of common fait farther, we fhall find it

compofed of four triangles, and each of
thefe formed of threads parallel to the bafe

;

which threads, upon accurate examination,

are found to be nothing more than feries of
fmall cubes : therefore, although the above-

circumftances fcem plainly to point out the

genefis of all cryftals, from the union and
cohefion of pyramids, ' whofe fides, being
different in form and magnitude, occafion

the differences of forms ; it yet remains un-
certain whether the fame internal ftrudture

takes place in thofe whofe minutenefs renders

them totally invifible ; and whether the pri-

mary ftamina poffefs a determinate figure, or

are
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are compofed by the union of many fhape^

lefs particles. We have long known that

the fmalleft concretions which are vifible

by the microfcope, poffefs a determined fi-

gure j—but thefe are compounds : in the

mean time, until this veil is in fome measure

at leail removed, we cannot avoid comparing
the procefs of cryftallization with the con-
gelation of water.

While the watery particles arc concreting

they exert a double tendency ; by one of

which they are formed into fpiculas, by the

other thefe fpiculas are ranged in fuch a

manner, with refped: to one another, as to

form angles of 6o“ : from hence the varie-^

ties obferved in the particles of fnow mav
be eafily explained. The moll; fimple figure

is that where fix equal radii diverge from
a center, in the angle above-mentioned

(fig. II.) {e) ;
the fame angle will be pre-

ferved if the extremities of thefe be joined

by right lines ; which will alfo be the cafe,

if each of the triangles, thus formed, be

filled with right lines parallel to the bafe

fig. 12. I have alfo feen hexagonal figures

in fnow ;—^but this by the bye.

Let us now fuppofe the particles which
are employed in cryfliallization endowed
with a tendency to form fpiculs, and thefe

fpiculae with a tendency to arrange them-

{e) Mairan on Ice.

felveS
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fclves at equal angles of inclination, and we
fhall have both the triangles and the pyra-

mids compofed of them, even although the

primary llamina had not a determined fi-

gure } as the angles of inclination vary, the

triangles and pyramids will alfo vary ; and

hence the different forms of cryflals will be

produced, which may to a certain degree be

inveftigated geometrically, the angles being

given.

We have hitherto fuppofed the exigence

of a double tendency, becaufe the effed:

feems to be twofold; but both thefe effedts

may undoubtedly be owing to the fame
caufe, namely, to a mutual attraction be-

tween the particles, which, according to va-

rious fituations and peculiar figures of the

atoms, at one time arranges them in the form
of fpicul^E, again connects the fpiculas already

formed under equal angles of inclination.—

I confider the mechanical elements as ex-

ifting under determinate and peculiar figures,

as, upon any other fuppofition, I find it im-
polfible to affign a caufe which fliould ar-

range different fubftances under different

angles, and yet preferve thefe angles always

conftant in the fame fubftance. But I do
not wifh to examine this conjecture any
further, though it appears to me to be pro-

bable ; becaufe powdered refin, which muffc

doubtlefs confift of particles of a great va-

riety of forms, when fprinkled on an eleCtro-

phorus

S
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phorus is, by the eleftric fluid, formed into

ilars like thofe of fnow {/).

§ IV. In how many different Ways Cryjlals

are generated.

In order that the particles may be ar-

ranged, by the power of attraction, into de-

terminate fymmetrical forms, it is neceffary

that they fhould be at liberty, and very eaflly

moveable. The belt method of obtaining

this end is to immerfe them in fome fluid

of nearly the fame fpecific gravity with
themfelves

(
g’ ) : this may be done in three

different ways; i. by water j by a li-

quefying heat
; 3. by a volatilizing heat.—

Thefe we fhall conflder in order.

(a) The mofl; common method of cryf-

tallizing is by means of water, as it eaflly

takes up faline matters, and, upon being

fufhciently diminifhed by evaporation, yields

them again in a concrete ftate ; nay, until

now it has been thought, that without this

vehicle no cryftals could be obtained.

But it is not only when actually diffolv-

ed in water that they require determinate

forms ; this, unlefs I am miftaken, is alfo

the cafe when they are only fufliciently at-

tenuated and mixed with it : for fubftances

(y") Lichtenberg firft obferved thefe refinous ftars.

( g) Morveau t)igrejf. Academiques,

not
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not foluble in water will yet remain fuf-

pended in it, if by fufiicient diviiion they

iiave acquired fo great a furface, in propor-

tion to their mafs, as to approach the fpe-

cific gravity of the fluid : now fuch par-

ticles doubtlefs poflTefs attraction, they alfo

poffefs the neceffary degree of mobility;

no reafon therefore appears v/by they may
not form cryftals. And it feems highly

probable that many of the earths which oc-

cur in the mineral kingdom fymmetrical

and of a regular form, have coalefced in this

way.

A mechanical mixture and a true folu-

tion Ihould be carefully diftinguiflied, al-

though they agree in weight. In the for-

mer cafe the particles, if colledled and laid

upon the bottom of the veffel, will remain
there, unlefs diffufed by agitation. A fub-

flrance which is foluble, on the contrary, is

totally and fpontaneoufly diAributed through
the menftruum, even without any agitation

;

though the operation is certainly accele-

rated by agitation.

(b) Cryftals may frequently be obtained

by fuflon and flow cooling : the matter of
heat, in fufflcient quantity, penetrating folid

bodies which are not organic, foftens and
liquefies many of them ; for when it pene-
trates and loofens the texture of the mafs,

it communicates mobility to each of them,
fo that upon flow refrigeration they are in a

condition to obey the laws of that attraftion

VoL. II. C which
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which tends to arrange them in a regular

manner : thus fulphur, when melted and
cooled, exhibits ftriae, and at the fame time

acquires an eleftrical property : biimuth,

zinc, andregulus of antimony, acquire a fort

of teifelated appearance j nay, the laft of

thefe, when fet to cool in a conical mold, be-

comes ftellated, not only on the upper fur-

face or bafis of the mafs, but along the

whole axis. Glafs, if melted and flowly cool-

ed forms beautiful cryftals (/»). 1 have taken

the fcorias from furnaces where iron was

fufed, by the addition of a calcareous ftone,

and have fometimes found them of a regu-

lar prifmatic figure. When crude iron is

melted with lime, 1 have found complete

oftaedra in the fcoris.

In large metallic maffes, fuch efpecially

as are difficult of fufion, the lower particles

are generally fo much preffed by the weight

of the fuperior, that they fhew no figns of

cryftallization, although on the upper fur-

face of gold, filver, iron, and others, beauti-

ful cryflals are formed.

It will perhaps be thought extraordina-

ry, by thofe who have not well weighed

the matter, that I fhould refer the congela-

tion of water to an operation of this fort

;

but we muft confider, that it is by means of

the matter of heat that water is fluid (/) 5

and

{h') Keir, Phil. Tranf. for 1776.

(z) Phlogifton, the matter of heat, and fire, ought to

be carefully diftinguifhed ;
phlogifton, combined with pure

air
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and that when this matter is diminiflaed to

a certain degree, it cryflallizes and becomes
ice. We have before (§ iii. e.) compared
congelation to cryftallization ; in this place

we lhall add another mark of refemblance.

Snow or ice, put into hot water, by its fo”

lution abforbs a quantity of heat, equal to

72® of our thermometer : the cryftallized

neutral falts produce the fame effeft, that is,

they make the water colder, although the

falts and the water had been kept in the

fame place for many days : for by didblv-

ing they acquire a larger furface, and by
that means are able to take up and retain a

portion of the matter of heat ; which, being

fixed, lofes its power of heating, and confe-

quently the thermometer finks when put
into the water. Hence it follows, on the

other hand, that the heat fhould be in-

creafed during cryftallization ; and this in-

crement is eafily obfervable when a large

quantity concretes at once : in concreting

the furface is diminilhed j hence, fo great a

quantity of the matter of heat cannot be re-

tained : what is fuperfluous, being fet at

liberty, recovers its property of heating,

which it accordingly exerts, and that in

proportion to its quantity.

air in a certain proportion, conftitutes the matter of heat

:

fire is the adtion by which a proper body is deprived of
phlogifton, by means of pure air, with fuch vehemence
as to generate not only heat, but flame.
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(c) Heat not only liquefies but volati-

lizes certain bodies : the material caufe of

heat penetrates the integrant parts, expands,

attenuates, and, by its union "with them,
renders them fo light, that they mount in

the air
:

particles, after undergoing this

procefs, when during cooling they are fuf-

ficiently at liberty, often obey the laws of

attraction, and form cryftals : to this clafs

we may refer thofe which are condenfed

from the vapours of regulus of antimony,

called the flores argentini. The galena,

which is frequently interfperfed among the

copper ore, at Fahiun, from the heaps which
are there roafted without heat, fends forth a

vapour which condenfes on the upper flra-

ta, forming hollow pyramids, which form
the bafes of the cubes of galena, entirely

fimilar to thofe which compofe common
fait.

In the heaps of ore of arfenic which are

expofed to the fire at Loefa, I have collect-

ed extremely beautiful white, yellow, and

red cryftals, partly tetraedral, partly oCta-

edral : fome of thefe exhibit hollow pyra-

mids, whole fides confift of threads parallel

to the bafe, precifely in the fame manner as

the cryftals formed in the humid way (§ iii.

E.) j fo that through the whole procefs of

cryftallization, a median ifm every where

the fame, and analogous to cryftallization

feems to be employed : — nor let any one

imagine, that thefe are to be confidered as

monftrous
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monftrous produdtions, which throw no

light upon the theory of cryftallization ;
for

thefe cryftals, when complete, frequently

fhew the jundtures of the pyramids, by very

dihindt lines ; and, by proper addrefs, we
may be able to fee the procefs through its

various heps, from the firfl rudiments to

the completion of the whole operation. If

this ftrudlure, as is very probable, takes

place in all, yet it will not contradidb what
has been already faid concerning the fpath-

ous form, as elements of the fpathcus

figure, properly applied, may readily form
pyramids fit for this purpofe.

A prifm of any kind may be formed by
the apices of proper pyramids, meeting to-

gether in proper number round the fame

point ; and the apex may alfo be formed by
a fingle pyramid, its vertical angle being

turned outward ; thus a four-fided prifm,

with fimilar apices, may arife in many ways :

thus to the cube, indicated by the letters

A B c D, fig. 15. let there be applied on
each fide the quadrangular pyramids a b e,

and DCF; and we fhall have the prifm re-

quired. In this way common fait fome-
times, though very feldom, acquires an apex

(i). Let us fuppofe applied to one or both
apices of the odlaedron a c b d, fig. 16. a

hollow pyramid a d b, but fimilar and equal

to the fundamental figure ; and the fame

Capeler, Prod. Cryjiallographia^ t. iii, fig. 2.

C 3 figure



22 OF THE FORMS OF CRYSTALS.

figure will be produced : however, I muft
confefs, that I have never feen alum prifmatic,

though often confifting of odlaedra imper-

fectly joined, fig. 17. A four-fided pyra-

mid may be compofed of four tetraedra, and

confequently a cube of 24 ; and it has alfo

a double apex of 32. Thus we have a

new conflruCtion, which undoubtedly fome-

times takes place j for, as I have already

faid, arfenical cryftals take fometimes the

tetraedral, fometimes the oCtaedral form,

which may therefore eafily be mutually

changed.

It is with lefs facility that hexagonal

prifms are formed of fuch pyramids as have

the fame number of fides, unlefs tetraedral

be admitted. In fig. 18 four hexagonal

pyramids and fix tetragonal meet ; the firfi;

are eafily refolved into fix, and the latter

into four tetraedra (fig. 19.) ; forty-eight of

which confequently make up the whole
mafs, fuppofing this to be the method foU
lowea by nature. I have no doubt that

this conflruCtion is probable, on many ac-

counts, for it requires only the moft fimple

elements, and fuch as are conformable to the

figures of all cryftals. That tetraedra, adapt-

ed to this puipofe, have fometimes diflimilar

and unequal fides, makes not againil the

fuppofition ; but what is moft to the pur-

pofe, is, that fometimes fuch tetraedra are

employed without the fmalieft doubt. All

thefe circumftances are of no fmall weight ;
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but fo long as no traces of tetraedra are to

be found among the pyramids of comrnon
fait, the laws of found reafoning forbid us

to draw any general concluiion ; it is better

to purfue actual obfervations than fictions,

however ingenious : better cautioufly to exa-

mine the myfteries of nature, than haftily

and prefumptuoufly to decide. I am per-

fectly certain that nature does frequently

employ pyramids in this operation : it re-

mains for future experiments to determine

whether this be always the cafe, &c. I have

been intent upon the mechanifm of the con-
cretion during a very affiduous examination

of falts. I have related the principal phae-

nomena which appeared, and at the fame
time have interfperfed various obfervations

;

wifhing that more fagacious obfervers may
hereafter completely difcover the fyftem of
corpulcular attraction, which is particularly

obvious, and as it were palpable, in cryf-

tallization.

§ V. Whether Cryjtallization Jiecejfarily im~

plies the Prefence of a Salt.

Some of the moderns, confidering that

many falts affeCt an angular form, and fre-

quently one of a confcant and permanent
kind, fuppofed this property to belong ex-

clufively to falts j and when they 'met with
any bodies fimilarly figured, they attributed

this figure to a fait which they fuppofed

C 4 concealed
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concealed in that body :—what judgment we
are to form of this opinion, will appear

from the following confiderations.

(a) As cryftallization is the eifedt of at-

tradlion ; and as all other matters, as well as

falts, are fubjedl to the laws of that attrac-

tion, we are not authorized to confider the

regular and fymmetrical figure as peculiar

to faline bodies, although the aifumption of

fuch figure be more readily and frequently

exercifed by them, as being foluble in water.

But cryfials are produced by fuch other me-
thods as can fufficiently divide and difen-

gage the integrant parts (§ iv. b and c.)

(b) Upon examining falts it will plainly

appear, that thofe v/hich are mofi; fimple,

and poffefs the faline properties in the mofi:

eminent degree, coalefce with the greatefi:

difficulty. The truth of this affertion is

evinced by the mineral acids and the caufiic

alkali, which, when pure, and freed as much
as poffible from every heterogeneous matter,

it is fcarce poffible to reduce to the form of

ctyftals.

(c) The fimilarity of forms in cryfiials

does not depend upon the acid ; for, to pafs

over many other examples, the prifmatic

and quadrangular nitre, which are formed

by the fame acid, yet conftantly differ in

figure neither is the bafe fufficient; for

the venetable alkali, as well as fhe mineral,

faturated with marine acid, generates cubic

cryftals. The external appearance there-

fore
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fore depends upon the menftruum and the

bafe jointly :—we are not, hov/ever, from
thence to conclude that there is prefent a

neutral or middle fait, v/henever the figure of

Inch a one is difcoverable. Not the fmalleft

particle of alum is found in lead or nickel

united with nitrous acid, although both

thefe compounds yield odlaedral cryftals.

(d) a great variety is obferved in cryf-

tals, though the matter remains the fame

:

I have already fhewn this to be the cafe with
calcareous cryilals (§11). In the family of

the pyrites, cubes are fometimes found ftri-

ated in a fingular manner, fo that the lines

of one fide are perpendicular to thofe which
diftinguifii the four adjacent fides (fig 13) ;

but among thefe are alfo found tetraedra,

odtaedra, dodecaedra, and icofaedra^ fo that

in this cafe all the regular folids are found.

(e) Finally, a very great number of cryf-

tals are either totally deftitute of any thing
faline, or elfe poffefs it in fuch fmall quan-
tity that no experiments hitherto tried have

been able to difcover the fmallefi; fenfible

traces of it. I have in my poffefiion hexan-
gular prifms of mica, which are compofed
of parallel lamellas ; the elementary fpiculs

of v/hich are difpofed in a fingular manner
(fig, 14)

:
gems, granites, fchoerls, and other

earthy bodies, are frequently found figured,

though analyfis can difcover nothing faline.

The fame is true of gold, filver, and the

other native metals^ as alfo gold^ filver,

lead.
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lead, tin, bifmuth, and zinc, united with
mercury, of which all put on regular forms,

according to the quantity of the mercury (/)

.

If we have recourfe to the fuppofition of

an hidden faline fubftance, which cannot be

difcovered by art, it will furely be unrea-

fonable to attribute to fuch a principle fo

great a power as that of arranging the par-

ticles in the order neceifary for cryftalliza-

tion i a caufe beyond queftion unequal to

the magnitude of the effedt : for how is it

poflible that a faline matter, the prefence of

the fmallefi: atom of which cannot be dif-

covered by the mod; delicate tells, diall in

pure water have yet power to effedt the icy

cryllallization v/ith fuch force as to over-

come the mod; powerful obhacles ? How
can a faline matter, which by no ted; can be

difcovered, have power, in an amalgam of

gold, to arrange the ponderous particles of

both metals in a particular manner ? What
fait is able to form the Hellated regulus of

antimony ? what the hexagonal lamellae

of mica ?-—Thefe obfervations will fuffice

for thofe who wifh to build their know-
ledge upon the folid bads of experiment

—

to thofe who indulge hypothefes, the expe-

rience of centuries will convey neither con-

yidtion nor information.

(/) Mem. de Chhnie, par M. Sage.

D I S S E R-



DISSERTATION XIIL

O F

SILICEOUS EARTH.

§ I-

W E find it long fince obferved by
Theophraftus the Erefian [a), that

a moft excellent glafs might be formed of

that fpecies of ftone which llrikes fire with
fleel, and is called flint j and hence perhaps

it was, that all ftones which joined to alka-

line falts can form a glafs, were called vi-

trefcible. There are fome, indeed, who ex-

plain this denomination in another way,
and confider it as indicating only the pro-

perty of melting by means of fire without

(fl) De Lapid. 84. So Pliny, “ Au£foresfunt^m India

y cryjiallo fraSlo fieri fvitrum) ^ ob id nullum compa-

rari Indico,

addition.
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addition. But as vitrefcible earths, when
alone, are very refradtory, the former ac-

count feems to be more probable.

In the prefent century thofe ftones which
had before been called vitrefcible, were
called filiceous by Mr. Pott, and after him
by Mr. Cronftadt. The celebrated chemifi:

of Berlin, above-mentioned, feems to have

been the firft who (in 1746) eftablifhed the

genuine criteria of thefe ftones ; at leaft he
determined them more accurately than any
perfon before his time, and, after aftonidiing

labour, difcovered their habits, in mixture

with the various earths and falls (/^). Stones

which ^are fo hard as to ftrike fire, are com-
monly called filiceous ; but this property de-

pends more upon the connedtion of the par-

ticles than the nature of matter itfelf.

Glauber (c), if I miftake not, was the firfi:

who gave a clear defcription of the liquor

of flints ; though J. B. Van Helmont, in

fpeaking of glafs, afferts that if it be made
with too much alkali it deliquefces ; and that,

by means of an acid, it precipitates a quan-

tity of filiceous earth equal to that which had

been ufed in the making of the glafs (^).

Siliceous earths have been but little ex-

amined with regard to their principles and

compofition. Geoffrey afferts, that by re-

peated calcination they may be refolved into

abforbent earth (e). Neuman relates, that

(^) Gethogeogn. (c) Furn. pars 2.

(,«/) De Terra. (e) Mem. Par. 1764.

he
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he obtained from them, by diftillation, an

oily empyreumatic fubftance, which made
fyrup of violets red, and, upon addition of

concentrated vitriolic acid, diffufed the fmeli

of volatile fpirit of fait {J') : but Ludovici,

upon dillillation, obtained, as he relates,

from a pound of filiceous earth, two drachms

of an acid liquor with a fulphureous odour,

and the refiduum by elixation communi-
cated a flyptic tafte to water, from which,

by alkali of tartar, a tartar was precipitat-

ed (^). Carl alfo obtained an acid liquor

of the fame kind (/6),

Others fay that they have obtained it

fablimed with fal ammoniac, of a variegated

colour, together with a green liquor. Neu-
man (z) afferts, that he was able, by means
of vegetable acids, to extradt a portion of

lime from mountain cryftal, but not from
quartz ; that the acids adted more power-
fully upon the cryftals when calcined ; that

of one drachm of the fofter flint 22 grains

were diffolved by concentrated vitriolic acid,

and by the diluted acid 20 ; by marine acid

15; by nitrous acid 16; by vinegar 10 j

but that from the harder flints which ftrike

fire, nothing was extracted (i).

Glauber (/) imagines, that on diftilling

powdered quartz or flint with two or three

(/) Prseledl. Chem.

(g) Eph. N. C. Dec. an. 6 & 7.

(h) Juncker Confp. Chem. t. i.

(i) L. c,
^ (^) L. c, (/) L. c.

parts
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parts of alkali of tartar, it foams out of the

retort, and diffufes an acid liquor like to

marine acid in fmell, but differing from it

in tafte, and other properties
j this liquor he

thinks is derived from the alkaline fait,

though Stahl afcribes it to the 'filiceous

matter.

Pott afferts, that the earth precipitated

from liquor of flints {ni) by acids, is per-

fedlly foluble in them, and that with vi-

triolic acid it produces alum [n) ; this was
afterwards alfented to by Beaume (o), but

is very juftly denied by Cartheufer (/),
Scheele (y), and others (r). The celebrated

J. C. F. Meyer obferved (r), that liquor

of flints, dilated with a certain quantity of

water, bore acids without precipitation ; this

is a remarkable phsenomenon, which will

be explained hereafter.

Finally, the celebrated Dr. Prieflly, who
is making attempts to refolve all bodies into

air, having expofed filiceous powder, moif-

tened with acid of nitre, to an intenfe heat,

obtained, in an apparatus prepared for the

purpofe, firft aerial acid, then nitrous air

and common air, and laftly air of remark-

able purity ; and thefe he obtained in the

(w) Contra Ellerum.

(k) Lithog. p. 3. praef.

(0) Man. de Chemie.

(^) Miner, abh. theil.

(y) A6t Stock. 1776.

(r) DifT. couronnee par la Soc. Montp.

( 1 )
Befchaft. der Bed. Gefellfch.

10 fame
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(lime order feveral times, by moiftening the

mafs afrelli {f).

The illuftrious Count de Buffon conliders

clay as flint minutely divided, and on the

contrary flint as clay very much condenf-

ed ;
howjuilly, will appear from the fe-

quel. We fhall pafs over the loofe conjec-

tures of authors concerning the origin of

this earth; conjedures which are only built

upon the places where it is found, its fltu-

ation, or other circumflances often very

trifling; and only obferve, that pure fili-

ceous earth is generated in the diflillation of

the mineral fluor with vitriolic acid ; a fub-

]ed which has been fo ably handled by Mr.
Scheele. How this genefis of filiceous

earth is effeded we fhall enquire hereafter

in its proper place.

§ II. Criteria of Siliceous 'Earth.

In order to avoid all future ambiguity, it

is neceflary to begin by defining what is

underftood by the term fliceoiis earth. It

is that earth v/hich is precipitated by acids

from liquor of flints, and which, even

though the acid be fuperabundant, remains

undiflblved. Clay is alfo diflblved by alka-

line falts, and is alfo precipitated by acids |

but is again taken up by the acid, if fuffi-

cient quantity be added. I fhall therefore

(t) Experiments on Air,

pafs
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pafs over the latter, and go on to mention
fome of the principal properties of the for-

mer earth, fuch as are often ufeful to dif-

tinguiih it from others ; but I (hall only

take notice of a few properties which may
ferve as criteria. The following are the

moll remarkable, and fuch as ferve to dif-

tinguifh it very eafily from all others.

The filiceous earth is not ad:ed upon in

the ufual way by any acid, that of the mi-
neral fluor excepted.

But it may be dilTolved in fixed alkalis,

either by the dry or the humid way ; and in

the former cafe, with violent effervefcence,

runs into a glafs which is fo much the

harder as the filiceous earth, by means of a

due degree of heat, conftitutes a larger pro-

portion of the whole mafs. With f alkali

a clear and very hard glafs is obtained ; but

with double or triple the quantity, a vitri-

fied mafs, which attracting the moifture of

the atmofphere, deliquefces fpontaneoufly.

It cannot be fufed when alone by the

moll: violent ordinary fire, but is diflblved

by the addition of borax, without efrervef-

cence j it is alfo taken up by the microcofmic

falts, though far more flowly and fparingly.

§ III. Its Habits with Acids.

The earth newly precipitated from liquor

of flints, when walhed and ftill wet, cannot

be diflblved in the common acids, fuch as

vitriolic
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vitriolic, nitrous, and marine, although in

that ftate its furface is increafed as much as

poffible ; and although to each part of
^

earth i,ooo of concentrated acid were added,

and boiled for an hour, the filiceous mafs,

when afterwards collefted and walhed, re-

mains of the fame bulk as before, and the

menftruum is not impregnated with the

finalleft particle.

This is ftridtly the cafe with regard to

pure filiceous earth ; but if three parts of
alkaline fait be melted in. a common cruci-

ble with one of quartz,, the fait diiTolves at

the fame time about 0,07 its own weight of
the argillaceous matter of the veffel, which
are precipitated by acids, and re-dilTolved

upon adding a fufficient quantity of the acid

menftruum ; but it is obvious that in this

cafe the argillaceous clay is a foreign admix-
ture, and by no means a conftituent part of
the liquor of flints. If the operation be per-

formed in an iron veffel there will be no ar-

gillaceous earth obtained, however often the

experiment be repeated. There is certainly a

portion of clay, though extremely fmall,

which is always found in quartz itfelf : but

the filiceous earth precipitated from liquor of
flints, and freed by an acid from all hetero-

geneous matter, though afterwards repeat-

edly fufed with fixed alkali in an iron vef-

fel, will not yield even the moft minute por-

tion of clay ; thefe difFefent cafes Ihould be
well obferved, left we be led into an erro-

VoL, II. D neous
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neous belief of the converfion of filiceous

into argillaceous earth.

We lliall hereafter (§ iv. c) fee that fili-

ceous earth may, by certain management, be

diffolved in acids.

(b) The fluor acid is never got entirely

free from liliceous earth; fo that, being more
or lefs loaded with it, it muft of courfe be

found lefs adlive. Here it is proper toobferve,

that fuch earth is called filiceous as is either

colledled in the recipient during the dif-

tillation of fiuor acid, or is afterwards de-

pofited by that acid : the reafon of this de-

nomination will appear hereafter (§ v).

In order to examine the folvent power of

this acid, in the year 1772 fome quartz

very finely powdered was put into a bottle

which contained 4 of a kanne of the acid ; the

bottle was then flightly corked, and fet by in

a corner of the room ; two years afterwards

it was examined, and, the liquor having been

poured out, there were found concreted at

the bottom of the veffel (befides innumer-
able fmail prifmatic fpiculoe) thirteen cryf-

tals, of the fize of fmail peas, but moftly of

an irregular form ; fome of them refembled

cubes whofe angles were all truncated, fuch

as are often found in cavities of flints. Thefe
filiceous cryflals, the firft perhaps that were
ever produced by art, were indeed hard, but

not comparable with quartz, except in elTen-

tial properties, in which they perfectly a-

greed. PolTibly the length of a century may
be
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be neceffary for them to acquire by exficca-

tion afufficient degree ofhardnefs. The bot-

tle itfelf, as far as the liquid had reached,

was found covered on the infide with a very

thin filiceous pellicle, which was fcarcely

vifible, but feparated on breaking the bot-

tle ; it was extremely pellucid, flexible, and

exhibited the prifmatic colours.

Thefe phsenomena Ihew that much fili-

ceous matter is dilTolved and fufpended : whe-
ther any of the quartz was taken up is uncer-

tain, but it appears probable that little or

none was diflblved in this experiment, fince,

by the help of heat, during the diftillation the

acid had previoufly taken up fo much fili-

ceous earth, that upon flow evaporation it

was unable to retain it : hence appears the

origin of the cryftals and the pellicle ; and
hence appears the caufe which impedes the

adlion of fluor acid upon flint j namely, that

the acid obtained in the ordinary way is al-

ready faturated with it.

Flint diflblved in fluor acid is mofl: com-
pletely precipitated by volatile alkali

j and
by this method it is found that one part of
flint is contained in 600 of the acid fo

much diluted that its fpecific gravity is

only 1,064. This precipitate poflbflbs all

the criteria of pure flint (§11.): but that

which is precipitated by fixed alkali, either

vegetable or mineral, does not exhibit a pure
filiceous matter, but a triple fait of a pecu-
liar kind, compofed of filiceous,earth, fluor

D 2
'

acid.
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acid, and fixed alkali, which diflblves, tho’

difficultly, in warm water (efpecially that

which is made with vegetable alkali), but is

eafily decompofed by lime-water, and lets

fall the mineral fluor regenerated
; fo that

this precipitate mufl; be well diftinguiflied,

and not confounded with that which is pre-

cipitated by volatile alkali.

^ IV. Its Habits with alkaline Salts.

In the humid way (by boiling) fixed al-

kaline falls attack the filiceous earth, but

not unlefs it be very finely comminuted, and

newly precipitated from liquor of flints.

Alkali of tartar, fpontaneoufly diffolved by

attradling moifture from the atmofphere,

by boiling takes up about one-fixth of its

own weight ; and the liquor, upon cooling,

forms a jelly, although at firfl diluted with

fixteen times its weight of water. This
folution is effedted by the cauftic portion,

which is always prefent in this alkali, for

when the alkali is aerated it rejeds the

earth ; nay, upon the addition of aerial acid,

even the caufiic alkali depofits the earth.

The volatile alkali, even though cauftic,

has no effed in this way.

(b) In the dry way fixed alkalis attrad

filiceous earth, infomuch that one-half its

weight of thefe falts melt with it into a

glafs tranfparent, hard, and firm ; which is

not
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not the cafe with any other earth yet known.
During the conjundlion a violent eftervef-

cence is obferved ; but if the vapour v/hich

afcends be colleded, it is found to confift of
nothing but water and aerial acid.

If the proportion of alkali be greater, a

glafs is obtained more foft and lax ; and if

it be increafed to double or triple, the glafs

attradls the moifture of the air, and is re-

folved into a liquor, which (from the fili-

ceous earth) is called liquor of dints.

(c) This liquor is precipitated by all

acids, as the alkali unites to them more rea-

dily than to the filiceous earth, which (being

thus deprived of its menflruum) fails to the

bottom. The filiceous matter, thus preci-

pitated, is of an exceeding loofe and fpongy
texture, and is fwelled by water fo much
that its bulk when wet exceeds its bulk
when dry at leaf: twelve times : nor does it

contraft more in the water, though fuffered

to reft in it a long time. Hence the liquor

of flints may, by time and a quantity of

precipitant properly adj lifted, be eafily con-

\'erted into a jelly, efpecially if diluted with
four or eight times its weight of water : for

in that cafe the fluidity is fo regulated that

the precipitant can eafily feparate the filice-

ous particles, and the particles fo feparated

can at once occupy the whole mafs ; but if

an overproportion of water be ufed (for in-

flance, twenty-four times the weight) in

this cafe the liquor remains limpid, al-

D 3 though
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though fo much acid be added as is more
than fufficient to faturate the alkali. This
is a remarkable phsenomenon, the rationale

of which, if I miftake not, is the fol-

The filiceous particles are removed from
each other very much by the diluting water

;

or rather, being diffufed through ‘ fo large a

mafs, are more rare. Now by every dimi-

nution of bulk the furface is encreafed, and,

together with that, the contact of the fur-

rounding fluid ; hence, although the fllice-

OLis earth, by its fpecific gravity, fhouldfall

to the bottom, yet in the prefent cafe it is

not able to overcome the refiftance occafion-

ed by fridlion, for greater force is requifite

to open the way downwards than is fuppli-

ed by the difference of fpecific gravities :

the liliceous molecules therefore remain

fufpended in the fluid at the fame time in-

viflble, both on account of their tenuity and
their tranfparency : but if the bulk of the

fluid be diminiflied by evaporation, efpeci-

ally by boiling, which at once diminiflies

its gravity and tenacity, the filiceous mat-
ter is feparated.

Liquor of flints is alfo decompofed by too

great a quantity of watery for by this the

efficacy of the alkaline menflruum is fo

much diminifhed, that it is no longer able to

keep the filiceous matter diffolved, and it is

alfo partly faturated with the aerial acid in-

herent in the vvater.

(d) It
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(d) It may feem extraordinary, that fluor

acid ihould precipitate liquor of flints, as

this acid ftrongly attradls the filiceous earth;

but it is to be obferved, that it ftill more
flrrongly attradls the alkali : befides, in

this cafe, it is not a pure filiceous matter

v/hich is precipitated, but an earth, com-
bined both with acid and alkali, as was be-

fore obferved (§ m. b). But there is fome
difference in the two cafes, for in this

inflance the acid and the alkali, both load-

ed with filiceous earth, meet one ano-

ther : while, therefore, the acid is faturated

with alkali, it alone depofits a quantity of

filiceous matter, this depofition therefore

may all be difiblved by moderate heat in

a fufficient quantity of water ; and when
expofed to the flame by a blow-pipe, readily

lufes, exhibiting a pellucid little fphere,

which, upon lofing its fluidity, grows opaque
and white. The precipitate from liquor of

flints by fluor acid has the fame properties,

but fomewhat lefs folubility and difpofition

to liquefy, doubtlefs occafioned by a larger

proportion of filiceous earth : both thefe

laline precipitates contain the fluor acid,

which is difcharged upon the addition of

the vitriolic, and the ordinary phoenomena
exhibited. To an inattentive obferver it

will appear, that in this cafe we have the

fluor mineral accompanying the acid ; but a

more accurate examination will detedt this

error : for the refiduum, after the difiilla-

tion of fluor, always contains gypfum, fome-

D 4 times
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times mixed with alum and flint, whereas

here nothing remains but vitriolated alkali^

intermixed with flint. Hence we fee how
much caution and vigilance is neceffary to

prevent us from embracing error inftead of
truth.

(e) The aerial, which is the weakefl of

all acids, yet precipitates liquor of flints ^

and that quickly and copioufly, if it be fud-

denly added, and in fufficient quantity j but

jt is not neceffary to mix them, it is fuffi-

cient if liquor of flints be expofed to the

atmofphere, either open or imperfedlly fhut,

for then the fubtile precipitant is attracted,

und the fluid depofited very flowly, in pro-

portion as the alkali is aerated,

§ V. Siliceous ^arth pojfejj'esfomewhat of a

faline Nature.

The proof of this is not to be drawn
from the cryflalline figures which filiceous

ftones often affume (for this is a property

not peculiar to falts) more convincing ar-

guments may be drawn from its compofi-

tion and its folubility.

(a) in order to underftand the genefis of

filiceous earth, as far as it has yet been

poflible to penetrate that myftery, let us

attentively confider the diftillation of fluor

acid : the phaenomena of this operation are

entirely of a new fpecies, and, to be well

underftood, require the greatefl; fkill and

attention.

Let
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Let 100 parts of pulverized fluor be put

into a glafs retort, and through a tube 50
parts of highly concentrated vitriolic acid

be poured in; immediately a fenfible de-

gree of heat is found to arife in the mafs,

and a vapour of a mod penetrating odour is

produced; let 100 parts of diftilled water be

kept in the recipient ; let a gentle heat be

applied, which is to be raifed by degrees,

until the bottom of the retort becomes at

laft red : during this time the body and

neck of the retort are incrufted by a white

matter, and the furface of the water in the

recipient is covered with a cruft of the fame

colour. When the veftels cool let the white

matter in the recipient be lirft colledted,

well waftied and dried ;
— it is found to be

equal to about one part and a half of the

mafs fubjedted to the diftillation.

This is very light and fpongy ; not only

infoluble in water, but in the ftrongeft

acids; very refradtory in the fire when alone

;

with one half of fixed alkali it yields a

tranfparent andftrong glafs, but with three

times that quantity produces a faline mafs,

which deliquefces, and becomes liquor of

flints : in a word, it exhibits all the crite-

ria of a true and pure filiceous earth ; and,

on expofition to the focus of a burning

mirror, agrees with that earth, as the cele-

brated Macquer experienced with a fmall

portion of this filiceous powder, artificially

prepared in the laboratory at Upfal.

7 Befides
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Befides the filiceous earth above men-
tioned, which is chiefly formed in the reci-

pient, a white pellicle adheres to the neck
and body of the retgrt ; this, upon exami-
nation, is found to be nothing but the mi-
neral fluor, more or lefs deprived of phlo-

giflon, enveloped even externally by its own
acid, but containing little or nothing of

filiceous earth : it therefore eafily fufes, upon
expofure to the blow-pipe, and, upon addi-

tion of vitriolic, the fluor acid is expelled.

If the diftillation be performed with an

equal, a double, or a ftill greater quantity of

vitriolic acid, the fame phasnomena take

place, but with greater vehemence j more
of the fluor is volatilized ; and it fome-

times even palTes over into the receiver :

the glafs is almofl: always corroded, and, if

thin, perforated. The water in the receiver,

which by the firfl: method contains a pure

fluor acid, is in the latter more or lefs mix-
ed with the vitriolic. The elaftic fluid,

which is generated, and may be colledfed

in mercury, does not proceed entirely from
the fluor alone, but is alfo mixed, more
or lefs, with fomething proceeding from
phlogifticated vitriolic acid ^ fo that a wrong
judgment is formed of the whole elaf-

tic fluid, from that by which it is adul-

terated.

The mineral fluor, difliilled in the fame

manner with four times its quantity of ni-

trous or marine acid, yields the fame pro-

dudl i
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du£l ; but a fmaller quantity of fluor is vo-

latilized, lefs fluor acid is extricated, and lefs

liliceous earth is produced : the water in

the recipient, belides the fluor acid, always

contains fomewhatof the decompofing acid

;

nay, the acids of the vegetable and animal

kingdoms produce the fame effedt, but in a

fmaller degree. The filiceous earth is then

generally found to be wanting in the re-

ceiver ^ and from the weaknefs of the de-

compofing acid a fmaller quantity of fluor

acid is expelled, fometimes indeed fo fmall,

that the whole of the earth produced is dif-

folved, but it can again be feparated by vo-

latile alkali. According to the new table

of attradlions of the fluor acid it has a greater

affinity with lime than the nitrous, marine,

and other acids have j and this is agreeable

to experience ; but when heat is applied the

more volatile, though it be the ftronger acid,

mufl; yield to the more fixed : the fluor obfti-

nately refifls fire when alone, but by means
of another acid a fmall degree of heat is fuf-

ficient to volatilize it. The mineral fluor,

though often heated and extinguifhed in

water, yet, when afterwards diftilled with

vitriolic acid, yields its acid in the ufual

way,

Mofl; of thefe phasnomena are eafily un-
derftood, upon the fuppofition that the fluor

acid, united with lime, conftitutes the fluor

itfelf ; that it is very volatile j and that

when expelled it elevates fome of the fluor

to
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to a certain height ; and that this height is

the greater in proportion as the expul fion of

the acid is quicker. It hasalfo been demon-
firated before (§ iii.) that when hot it

attracts hliceous earth very powerfully ; and
this without doubt is the reafon why glafs,

which is always partly compofed of filiceous

earth, is corroded.

The principal obje(5lions which in this

buhnefs obfcure the truth, and diminifh the

validity of our conclufions, though already

mentioned, lhall here be let in viev/ toge-

ther, as they throw feveral obftacles in the

way of our refearch. Thefe are, ill;, the im-
moderate quantity of vitriolic acid : if the

lluor acid only be required, one-half the

weight of the decompoling acid is fufficient

;

if a perfedt decompofition of the lluor, there

is need of four times the quantity, and in

general we cannot err by the largenefs of

the proportion. 2d, By want of water in

the receiver the glafs velTels are more corrod-

ed, and the elallic vapour, which cannot be

condenfed into a liquid form without it,

now for the moft part burfts forth, being

only confined by the portion of water which
adheres to the vitriolic acid. Great obfcu-

rity arifes from, 3d, confounding things that

ought to be diftinguilhed from each other :

the volatilized lluor, the pure filiceous earth

found chiefly in the receiver, the precipi-

tates from the lluor acid by fixed or volatile

alkali, are all fubllances that Ihould be care-

fully
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fully diftinguiflied. In like manner the

elaftic linid, elicited from the mineral fluor

by a proper quantity of vitriolic acid, is very

different from that obtained by the fame

acid phlogifticated.—But let us return to

our proper bufnefs, for all the properties of

fiuor acid do not belong to the prefent

enquiry, which only regards the liliceous

earth. I thought it however neceffary to

mention fuch of them as lead diredtly to the

end propofed.

The queflion then is, whence the lilice-

ous earth which occurs in the operation is

derived ? whether it is extradted from the

mineral fluor, and elevated by the fluor acid,

or whether it is extricated from the glafs

veffel itfelf ?—many circumftances, hereafter

to be mentioned, are repugnant to each of

thefe opinions ; and the experiments which
have hitherto been inftituted rather feem

to indicate that this fubftance is adtually

produced during the operation.

ifl:. That thefiliceous earth does not owe
its origin to the mineral fluor is eafily

flhewn ; for although this fluor fometimes

contains flliceous earth, yet this does not

always happen ; and neverthelefs as large a

produce of that earth is had from that which
is entirely deftitute of flliceous matter as

from that which contains it. The green

earth of Garpenberg, for inftance, is in ge-

neral entirely free from flliceous earth, and

therefore may be totally diflblved, either in

nitrous
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nitrous or marine acid. This folution, upon
the addition of cauftic alkali, precipitates

pure fluor, totally unchanged
; but the

mild alkali, by means of a double eledlive

attradtion, precipitates aerated lime: — on
the addition of vitriolic acid gypfum is-

formed.

2d, As the glafs is corroded by the va- .

pour of the fluor acid, at firfl: fight it ap-

pears not an improbable conjedture, that the

flliceous earth w^hich appears is produced
from thence ; but we mull: obferve, that by
employing a fiiiall quantity of fluor and a

gentle fire, the flliceous earth may be ob-
tained without any corrofion ; befides, the

corrofion bears no proportion to the quanti-

ty of flliceous earth.

3d, That the flliceous earth, diflblved or

volatilized by the acid, palfes over from the

retort into the receiver, is an opinion con-
tradidted by a variety of experiments ;—if,

in place of water, alcohol be put into the

receiver, the acid is colledled in it, but no
flliceous powder, which, on the hypothefls

of volatilization, ought to be found. Of this

circumftance we {hall fpeak more at large

hereafter.

But the powder formed in the receiver,

well wafhed, and diftilled with vitriolic acid,

is not elevated, much lefs does it pafs over

into the receiver, and it yields no fluor acid.

I/cfl; it fhould be fufpedted that this is owing
to a deficiency of the phlogiflon neceffary

to
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to volatilization, let a few drops of olive

oil be added, and from hence, upon the ap-

plication of heat, a white fmoke will arife ;

and if the end of the retort’s neck be plung-

ed in water, a white fquamous membrane
is generated on the furface. This would at

firit appear a proof of the volatilization of

filiceous earth, but upon examination the

error is difcovered 3
this membrane being

found to be nothing more than a febaceous

matter difcharged from the oil by means of

the acid, in a ftate of coagulation, and car-

ried up by the fmoke 3 and the fame kind
of membrane is produced, if nothing be ufed

but the oil and the acid. If the fluor acid

be nothing more than a modification of the

vitriolic (a queftion which muft be decided

by future experim.ents) the change produced

in this cafe is a very fingular one, and mufl

be totally different from that occafioned in

general by phlogifton : in the mean time it

cannot with juftice be denied, that the fluor

acid is contained in the fluor itfelf
3 for if

the fluor acid be mixed with lime-water, the

mixture immediately becomes turbid, and a

powder is depofited, which, waflied and dried

in a certain degree of heat, becomes phofpho-
ric3 difcilled with vitriolic acid it yields fluor

acid and filiceous earth, and agrees in all re-

fpedts with the mineral fluor. On what pre-

text then can it be denied that the acid which
was juft now mixed with it is prefent in it?

The mineral fluor is therefore lime faturated

with
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with fluor acid. Sometimes, indeed, thei^e

is prefent a little clay and flint j thefe, how-
ever, are not always found, but only cafually,

and they by no means conftitute the eflence

of the fubftance. The greatefl; quantity that

I have yet found was four grains of clay in

an ounce of mineral fluor, that is T-i-o. There
is alfo fometimes a fmall portion of marine

acid, which has not yet been found to exceed

five grains in an ounce of mineral fluor.

Upon confidering thefe circumftances,

which are not the refult of a Angle experi-

ment flightly confidered, but of diftillations

frequently repeated and accurately examin-

ed, it feems neceflary to have recourfe to a

new production, a thing which indeed

Ihould never be attempted but upon the befl;

grounds.’

In general we can no other way con-

ceive the nature of fluid bodies than by

confidering them as congeries of folid

particles, which are fo minute that when
combined with a certain quantity of heat,

they acquire that degree of mobility which

is fufficient to preferve a level furface 5

which level, if by any means difturbed, is

immediately recovered. Now the primary

aqueous elements, united while in a fluid

fiate with fluor acid, fcarcely contraCl a firm

,
texture, but yield a dilute acid, a circum-

ftance which takes place with refpeCl to other

acids ;
but upon the application of heat they

put on the form of an elaflic vapour, and
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in this flate meeting with the vapour of the

fluor acid, it is extremely probable that by
their union they form the white powder
above-mentioned : it is certain that when
liquid they both offer a much fmaller furface

of contadl than when in the ftate of vapour;

and this difference in the latter cafe occa-

fions a very clofe union, which in the for-

mer can fcarce poffibly take place, on ac-

count of the fmall furface of contadt.—If

mineral fluor be treated with highly con-

centrated vitriolic acid, unlefs there be wa-
ter in the receiver, the elaftic vapour can

fcarcely be condenfed into a liquid form, but

for the moft part penetrates the luting, and

corrodes the glafs in a more than ordinary

manner : by means of the water, which ftill

adheres to the vitriolic acid, a fmall quantity

of liquor will be formed ; viz. as much as

efcapes being condenfed into an earth. The
acid vapour itfelf, colledted in mercury, yields

an elaftic fluid not condenfible by cold ; wa-
ter abforbs this acid fluid, but watery va-

pour coagulates it. Hence we may under-

ftand why pulverized mineral fluor, when
expofed to a digefting heat in a clofe cu-

curbit, with twice its quantity of con-
centrated vitriolic acid, covers wet bodies,

fufpended over the mafs, with a white pow-
der, while dry bodies expofed in the fame
way do not contract a particle of powder

;

as alfo, why the fluor acid, often diftilled

w’ith water, may be totally converted into

VoL. II. E • filiceous
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filiceous earth. There is therefore neceffary

for this concretion (befides the hot acid va-

pours) \vater, alfo converted into vapour j

and the coagulation is performed with great

difficulty within the mafs, but very eafily

at the furface, which, while fluid, is in a

perpetual ftate of evaporation.

But whatever be the caufe of this Angular

union (which is highly deferving of accu-

rate examination) it is at leafl: certain that

the fluor acid makes a part of it : fuch a

combination is very analogous to the neutral

and middle falts, and therefore is not with-

out reafon confidered as partaking of a faline

nature, although fcarcely foluble in water,

in the fame manner as gypfum, or as the

mineral fluor (v/hich confifts of fluor acid

faturated with lime, and is totally infoluble

in water) is acknowledged to approach to

the nature of middle earthy falts.

(b) Let us now fee whether filiceous

earth be totally infoluble in water. That
certain waters contain filiceous earth is be-

yond a doubt; but it is probable that it ra-

ther remains fufpended in them by means
of the fubtlety of its parts, than in virtue

of a true folution.

It is known that water becomes the more
capable of dilfolving bodies, in proportion

to its degree of heat ; but in open veffels it is

incapable of receiving a degree of heat greater

than that of the boiling point, or loo'". Si-

liceous earth, expofed in water to a boil-

ing
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1113; heat for ever fo great a length of

time, is fcarce fenhbly diminiflied, fo that

by this experiment it feems totally info-

luble ; but we cannot thence conclude

that it is able to refift a greater heat. The
efficacy of Papin’s digefter has fhewn, that

many bodies may be diffolved which totally

refift boiling in open veffels : at the fame
time it muft be confeffed, that no one has yet

tried filiceous earth in this way ; fo that we
fhould be entirely ignorant what would be

the event, had not nature herfelf fponta-

neoufly affifled our ignorance and doth.

Thus, at Geyfer in Iceland there fpririgs

up a hot water, which upon cooling .de-

pofits liliceous earth, and of this very

matter has formed for itfelf a crater, in

which columns of water of a ftupendous

bulk, after they have been thrown to the

height of 90 feet and upwards, fall, and

are again received. The heat of the water

during the explolion cannot indeed be mea-
fured j but after it has rifen and fallen

through a ftratum of air 90 feet thick, it

raifes the thermometer to 100°; which evi-

dently ffiews that the heat in the bowels of

the earth mufl be vadly more intenfe ; and
this we fhall ceafe to wonder at, when we
confider that in this cafe the fubterraneous

fire ads upon the water in caverns clofed

up by very thick ftrata of ftones, an appa-
ratus far more effedive than Papin’s digefter.

The crater undoubtedly was at firfl formed,

E 2 and
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and is daily ftrengthened, by filiceous earth,

which quits the menftruum on its being

cooled, falls down, and being in fomewhat
like a foft Hate, concretes (o).

From what has been faid it abundantly

appears, that filiceous earth is of a faline na-
ture, but differs fo much in degree of folu-

bility, that our artificial limits oblige us to

refer it to the earths.

§ VI. Whether Siliceous Earth be a primitive

Earth.

Thofe earths are called primitive which
cannot artificially be refolved into fuch as

are more fimplej derivative, thofe which are

compofed of two or more primitive earths

intimately united : the quefiiion is then, to

which of thefe clalfes the filiceous earth

may with mofi; propriety be referred ?—-If

the quefiiion was, whether filiceous earth

be altogether fimple and homogeneous ? the

proper anfwer would be in the negative for,

upon confidering the very probable circum-
jftances above related, concerning the origin

of this earth, it appears plainly to confifi: of

two principles, namely, the fluor acid, and

fomewhat derived from the water. It cannot

therefore be confidered as fimple and homo-
geneous ; but inafmuch as we are ignorant

of the true nature of the primary ftamina of

(«) Vid. De Produfl, Vulcan.

s water.
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water, and as it does not appear that any of

the other primitive earths, fuch as lime,

terra ponderofa, magnefia, or pure clay, are

derived from the genuine fubftance of wa-

ter, it appears that in mineralogy the fili-

ceous earth may properly be conlidered as

primitive, until by apt experiments, both

analytic and fynthetic, it be demonftrated

that the bafe of this earth entirely agrees

with fome one of thefe above mentioned

:

when this is done, it may properly be re-

ferred to the derivatives, but not before ; in

the interim, naked conjedtures and falla-

cious obfervations are not by any means to

be confided in. It mufi: be allowed that, to

fyftem builders, it will appear more fimple

to confider all earths as of the fame fpecies,

with a very few modifications; but it fihould

be remembered, that he who pretends a pri~

ori to judge of the moft compound body
in nature, ought firll; to be acquainted with

the whole flrudlure and oeconomy of nature.

Some perfons, obferving that clay acquires

by fire a flinty hardnefs, think that the

principles of both are the fame ; an opinion

which would be efiablifhed beyond doubt,

if filiceous earth, difTolved in fixed alkali,

could, by means of the vitriolic acid, form
alum, which has been attempted by cer-

tain moderns : but this hypothefis, when
put to the tefl: of experience, falls to the

ground ; for the pure clay is all converted

into alum by vitriolic acid, and the filiceous

E 3 earth
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earth is not fo much as diffolved by that

menftruum (§ ii and iii. a).

Others, becaufe common flints are gene-

rally found in chalky hills, imagine, that

they originate from chalk, particularly de-

pending upon mifunderflood phaenomena of

gelatinous minerals ; thefe phaenomena are

explained at large in the treatife on Volcanic

Products. In the collection of the Aca-
demy, there is found an echinites exadtly

filled with filiceous earth, and furrounded

with the fame kind of fubftance ; but the

Ihell itfelf is ftill calcareous, and even

of a fpathaceous form. Now, in this

cafe, fince by hypothecs the calcareous earth

has acquired a filiceous nature both inter-

nally and externally, how could the fhell it-

felf avoid the change ? But the nature of the

fubjedl, which is ftill fo much involved in

darknefs, from the want of a fufficient num-
ber of experiments, that we cannot certainly

determine the origin of filiceous earth, for-

bids us to dwell longer upon this point.

§ VII. Lt whaf Form siliceous Earth occurs

m the mineral Kingdom.

The filiceous earth, fuch as it appears

when precipitated from liquor of flints, and
freed from all heterogeneous matter, isfcarce-

ly ever found, at leafl in
^
the external ftrata

of this globe; but is, like the other primitive

earths, more or lefs mixed with other fub-

flances.
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ftances, and that as well mechanically (as

is the cafe in common clay) as by a more
intimate connedtion, and, as it were, folu-

tion ; inftances of which occur in ferpen-

tinum, albellos, mica, fchoerl, garnet, zeo-

lith, and thofe ftones which are called fili-

ceous. So long as the liliceous nature prevails

in the mafs, they are not improperly fo

called, the denomination being taken from
the prevalent ingredient ; but here we muft
obferve, that the nature of the compound
does not always correfpond with the quan-
tity of the different ingredients ; for the

properties of certain fimple earths are far

more remarkable and intenfe than thofe of

others. Thus a mafs, in which pure clay

makes no more than a fourth, nay even

fometimes lefs, yet preferves the nature and
charadter of clay } therefore it is that we
call fuch mixtures filiceous which ftand the

criteria mentioned in § ii i and, although

the filiceous nature is fometimes more ob-

fcure, on account of the quantity and qua-

lity of heterogeneous matter, it is of no im-
portance, provided the filiceous nature and

properties prevail.

To this clafs we may, without referve,

refer quartz and mountain cryflal, flints, pro-

perly fo called, and jafpers ; but more am-
biguoufly petrofilices and felt-fpar, as alfo

zeoliths, fchoerls, and laflly garnets, which
are as it were intermediate between thofe and
the gems; which are to be entirely exclu-

E 4 ded
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ded from filiceous earths, as not only by
their nature, but by the proportion of their

primary principles, they challenge a place

among the clays, as we fhall fee hereafter.

Mod; of the laft-mentioned ftones abound
in filiceous earths, and contain befides por-

tions of calcareous and argillaceous earth,

yet exhibit the filiceous properties notwith-

flanding ;—the limits and defign of the pre-

fent Work prevents us from mentioning the

fpecific difierences.

D I S S E R-



DISSERTATION XIV.

OF THE
/

HYDROPHANOUS STONE.

§ I. PecuUa7' Property of the Hydrophanous

Stone.

BENEDICTUS CErut us relates,

that he had feen with the greateft afto-

nifliment, in the poffeffion of Chr. Fur-
leger, an opake ftone, which, upon lying in

water, by degrees acquired tranfparei'icy,

and which, upon drying in the light, be-

came again opake j for this reafon he deno-

minates it lapis inutabilis. Such ftones were
afterwards very fcarce, and had the empty
name of oculus mundi beftowed upon them.
The reafon of the former appellation is ob-
vious j the latter is merely the fport of a

warm
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warm imagination. Dr. HiU has very pro-

perly called fuch Hones as grow tranfparisnt

in water hydrophanous.
l

An attentive confideration of the change
produced will eahly inftrudl us in the nature

of this wonderful phaenomenon. The tranf-

parency may be obferved proceeding from the

furface to the nucleus ; and at the fame time

air bubbles continually arife from the fur-

face of the Hone, and float upon that of the

water. Some aflTert, that the tranfparency

begins at the center, and extends itfelf to

the furface ; but when that is the cafe it

mufl: be occafloned by fome crack which
admits the water at once to the center ^ all

the hydrophani which I am in pofl'effion

of, or have ever feen, have, conformably to

natural expedation, grown firfl tranfparent

at the furface.

The phsenomena of clouds ferve to fliew

that moifl: particles, copioufly mixed with

particles of air, prevent the tranfmillion of

light, and render the mafs more or lefs

opake, although the particles of each, fepa-

rately taken, are pellucid. The caufe of this

is to be fought for in the difference of re-

frading power j for by means of that the

rays are turned from their original courfe at

every particle, a circumftance which is very

injurious to tranfparency. A common ex-

periment will Hill more clearly elucidate

this point :—the moil tranfparent glafs,

when reduced to powder, becomes opake,

becaufe
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becaufe the air, which now occupies the

interflices, refradls the light much more
weakly than the particles of glafs do ; but,

upon pouring on water, which difplaces the

air, and differs lefs from the glafs in its re-

framing power, a certain degree of tranfpa-

rency is reftored. Setting down the fpecific

gravity of water i,ooo, we fhall find that of

air to be o,ooi ; and that of glafs vary-

ing, according to its compofition, from

1,791 to 3,380, which is the greateft :

hence it appears, that the grfatefi: differ-

ence between glafs and water is 2,380,
and the leaft is 0,791 j the greatefi; differ-

ence between glafs and air is 3,379, and
the lead: is 1,790. From this calculation

we may judge of the different quafitities

of refradtion, and the confequent differences

of tranfparency.

Let us now fuppofe a ftone which agrees

nearly with water in fpecific gravity, or at

leaft is not more diftant from it than glafs

;

let us alfo fuppofe that its particles are

tranfparent, but that it is uniformly per-

forated by invifible foramina, fo that both
air and water may be admitted, though not
readily; we fhall then have a ftone, which,
when well dried, remains opake, but, like

the oculus mundi, grows pellucid in water.

The fuperior effedt which an alkaline lix-

ivium produces in this cafe, depends on
the fuperiority of its fpecific gravity.

Although
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Although the caufes of this phasnome-
non are thus phylically explained, which
always renders a phaenomenon much lefs

furprizing, yet to this effedl three condi-

tions, but rarely found united, are necef-

fary ; fo that ftones of this kind were very

fcarce, and valued at great and even immenfe
prices. The extravagance of the price alfo

prevented the examination of this fubftance

;

and our ignorance of its nature concealed

from us the place where it was to be found

;

nay, fo undecided were opinions concerning

it, that the moft acute examiners were
doubtful whether it owed its origin to the

mineral or to the animal kingdom : in the

mean time the curious, both merchants and

philofophers, were buhly employed in fearch

of it. The accounts tranfmitted to the

Royal Academy of Sciences, Stockholm,

were as follow :

—

In 1770 the celebrated Quift, who had

vifited England, communicated fome obfer-

vations upon three fpecimens which he had

feen in the Eritiih Mufeum j but as he was
only permitted to examine them fuperficial-

ly, he could not determine their nature.

At the beginning of the year 1774 Mr.
Poetzfch of Leipfic related to the Academy,
that the year before a lapis mutabilis had

been offered at the eledloral collection for

the price of 100 ducats ; that this ftone

very much refembled a certain variety of

the Eibenflock opal, which, upon trial, was
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alfo found to grow tranfparent in water :

hence he concludes, that the lapis muta-

bilis is to be ranked in the family of the

opals.

In 1776 Mr. Murray communicated to

the academy a difcovery which had been

made three years before by Mr. Veltheim,

fuperintendant of the mines in the Hartz,

namely that the grey, green, and yellow hy-
drophanae, are no other than thin crufts of

the chalcedony of Ferro.

In 1777 Mr. M. T. Brunnich, profelTor

at Copenhagan, in a memoir gave a con-

firmation of the chalcedony of Ferro’s being

the matrix of the hydrophanous ftone : it is

fufficient juft to mention this j the other

circumflauces may be feen in the Ad:. Stock-

holm, an. 1777.
Having now mentioned this quality fo

highly prized, and fhewn its exiftence in

certain of the chalcedony and opal tribe, let

us conlider thefe flones a little more accu-

rately ; although it cannot be denied, that

the fame property may, and adually does,

exifi: in fome other fpecies.

§ II. T/:Je Opal and Chalcedony compared
together.

The opal and chalcedony agree v/ith one
another in many properties.

(a) The common colour of both is fre-

quently milky
j but the former is more pel-

lucid
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lucid than the latter ^ belides, the opal,

viewed with refradted and refledted rays,

exhibits different colours 3 but this proper-

ty is not peculiar to it alone.

(b) The chalcedony is of greater fpecific

gravity than the opal ; but in this refpedt

they do not differ much : the Eibenftock

opal is from 1,958 to 2,075, and the chal-

cedony of different countries from 2,559 to

4,360.
(c) The opal does not poffefs fuffeient

hardnefs to ffrike fire with fteel ; the fame

is fometimes true of the chalcedony : fo

that, differing only in degree, they may,
with refpedl to this property, be con-

founded.

(d) With regard to compofition, they

alfo agree, as I difeovered by the following

experiment:—I took 100 parts of chalce-

dony of Ferro,’ reduced to a very fine pow-
der by elutriation, and formed it into a

little ball, with three times as much mine-
ral alkali, and a fmall quantity of water

-3

after mixing them well together, I dried it,

and expofed it cautioufly to the fire in an

iron velfel for an hour and a half 3 this

operation requires the fire to be gradually

raifed, but not beyond a certain degree.

This management is fo difficult, that for

once it fucceeds the mafs melts five times 3

for the more alkali is ufed, the more is the

texture of the matter opened, that menfirua

7
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may extrad: the foluble parts, but at the

lame time the more is its tendency to fu-

fion increafed ; but the mafs, when fufed,

muft necelTarily be loaded with iron, which
renders an accurate reparation of the princi-

ples very troublefome ; and belides a por-

tion adheres to the veffel, which is not ealily

got off : thefe inconveniences, therefore, muff
be carefully avoided; and whoever diflikes this

fcrupulous attention to the management of

the fire, muff diminifli the quantity of fait,

and reduce it to a fourth or fixth part of the

chalcedony ; by which means the end may
be obtained, but more imperfedly. The ball,

upon the application of a proper degree of

heat, fplits into a powder ; this powder I

colleded and kept in marine acid in a di-

gefting heat, until the refiduum refifted the

force of the acid : the infoluble powder,

which was purely filiceous, when walhed and

dried, weighed 84 alfay pounds ; fo that the

undiffolved part confifted of 16, which, pre-

cipitated and examined, appeared to be all

argillaceous, mixed with fome iron, but

without the fmalleff appearance of any thing

calcareous.

It is proper to obferve, that the fame
chalcedony, without the previous prepara-

tion with alkali, yielded to the marine acid

a portion of argillaceous earth, but four

times lefs : it differs, therefore, from the

common flint, which, treated in this way,

yields
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yields fcarce any clay, and is found mixed
with calcareous earth, though in lefs pro-

portion than the cryftals of quartz.

I treated the Eibenftock opal in the fame
way, and it gave the fame refult as the

chalcedony, whether crude or prepared with
alkali : the argillaceous part was indeed a

few pounds lefs ; but I do not know that the

difference is conftant.

(f) From the above it appears plainly, I

think, that opal is to be confidered as a

rarer and purer chalcedony, and the latter

as a denfer and coarfer opal : that the opal

is of a more fpongy texture appears not

only from the fpecific gravity, but alfo

from this, that pieces of the opal often

grow more tranfparent and more weighty
in water.

§ III. Of the Hydrophanous Flint.

We have heretofore confidered the opal

and chalcedony ; but thefe, when perfect,

do not undergo the change in water of

which we are treating, at leafl not in fuch

a degree as to attrad: attention ; but this

property is fometimes found in the crufts

with which they are covered : thefe we
fhall therefore proceed to examine more ac-

curately.

(a) It may in general be faid of thofc

filiceous ftones which refemble the com-
mon flint in breaking equally and fmoothly,

that
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that they are frequently found furrounded

with a covering of coarfer materials. I (hall

mention what appears probable concerning

the origin of this cruft :—evident marks

frequently occur, which (hew that thefe

ftones have gradually been indurated, and

were originally a tenacious mafs. Now,
during this operation, the coarfer particles,

or thofe more imperfedlly dilTolved, while

the bulk gradually diminilhed, were pu(hed

to the furface by the more homogeneous
matter, or fometimes towards the center, if

any cavity be there to receive them ; but as

the mafs grew more denfe, the reflftance alfo

grew greater, and at length acquired fo

much power as to prevent the protrufion,

it therefore obliged the protruded particles

to fettle in ftrata parallel to the furface ; and
thefe ftrata were at lead diftinguifhable by
colour and tranfparency from the reft of

the mafs : inftances of this are feen in

agates and chalcedonies. The external layers

are generally more coarfe, and have un-
doubtedly been protruded in the manner
above-mentioned, while the mafs was foft.

On feparating the layers, each internal is

found of a more delicate texture than the

adjacent external.

(b) The above-mentioned crufts muft
necelTarily differ in texture, denftty, hard-

nefs, and gravity ; it is therefore evident, that

the three conditions neceflary to the muta-
bility required, cannot always be prefent in

VoL. II. F thefe.
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thefe. Experience fhews that the proper

pieces, which are generally furrounded with

thofe that are ufelels, cannot be diftinguifh-

ed by fight, by touch, or any external mark:
thofe whichi when applied to the tongue, do

not fliew any adhefive power, may be re-

jected
;

yet thofe which pofifefs that power
do not always grow tranfparent in water, al-

though they admit it, two other conditions

being equally necelfary. AClual immerfion

for 24 hours will decide the queftion, as

thofe which require longer time are not

w'orthy of attention.

(c) Hitherto we have confidered the crufts

of filiceous ftones in general and although

the involucra of all the varieties may per-

haps fometimes yield the hydrophanous
(tone, yet experience fiievv^s that it is chiefly

to be fought for among thofe of a loofe tex-

ture, fuch as opals and chalcedonies.

(d) The crufts which grow tranfparent

in water, on breaking appear denfe and

finooth, they flick to the tongue, do not

ftrike fire with flint, are of a whitifh yel-

low brown, nay fometimes blackifh co-

lour : their tranfparency varies according to

circumftances
; their fpecific gravity fcarce-

ly double that of water.

(e) As thefe ftones are deftitute of the

hardnefs neceffary to ftrike fire with fteel (a

property which is confidered as the crite-

rion of filiceous ftones) fome doubt may
arife concerning the filiceous nature of the

hydrophanous
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hydrophanous crufts : I thought analyfis the

moft proper means of folving this difficulty,

and upon experiment found the fame prin-

ciples as before (§ ii. e), which puts an?

end to all ambiguity. But it appears plain-

ly that the greater or lefter degree of con-

nedtion between the integrant parts affords a

very infufficient and fallacious mark of dif-

crimination ; and accordingly we find a

great variety in this refpedt, even in the

fame tribe. We have already fpoken of

opals and chalcedonies (§ ii. c) ; the fame
is true of cornelians, gems {a), &c. We
have alfo in clay a very remarkable inftance

of the effedt of different degrees of exficca-

tion; for this fubftance, although whea
crude it attracts water ftrongly, and is fof-

tened and penetrated by it, yet by a certain

degree of heat it is fo condenfed as to rejedt

water; and at length, by a very intenfe heat,

it acquires a perfedt flinty hardnefs. In this

inftance the very fame matter exhibits verjr

different degrees of cohefion among the par-

ticles ; and it is elfewhere demonftrated,

that, even when hardened to the^greateft de-

gree, it yet retains an argillaceous nature ;

we may therefore juftly conclude, that the

degree of hardnefs is not to be confided in..

(f) The value of the hydrophanous ftone

is eftimated by its bulk, the quicknefs of

the change, and the elegance of its colour.

(<?) Vid. de Terra Gemmarum.

F 2 Of



68 OF THE HYDROPHANOUS STONE,

Of two equally penetrable the larger muft
necelTarily grow tranfparent more flowly j

but the effect may be fomewhat increafed by
diminilhing the thicknefs or perpendicular

attitude, the length and breadth remaining

the fame. By this method many of them
may be brought to grow tranfparent in a

few feconds ; and no doubt the wonder is

much diminifhed, if the change does not
take place under the eyes of the obferver :

belides, if feveral hours be requifite, neither

can the procefs be properly examined, nor

are the air bubbles expelled by the water

fufficiently vihble.

The colour is derived from iron ; now, as

that fubftance often differs both in quantity

and quality, a confiderable difference muft
arife, which generally varies between a yel-

low and a brown.

(g) .That the opal gives admittance to

water we have already obferved ; but the

change is not very remarkable, becaufe it

is of itfelf femitranfparent, but if natu-

rally, by fpontaneous calcination, or artifi-

cially, by a gentle heat, it contrails an opa-

city, we immediately get the hydrophanous
flone. To make the opal opaque when dry,

by means of fire, requires much caution ;

for if too much heat be applied, efpecially

fuddenly, it flies into fmall pieces.

(h) The change is accelerated by ufing

the water hot,- as it penetrates the foramina

more readily, and the foramina themfelves

are
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are more open, on account of the heat ; but

whether it be hot or cold, the very purefl

water fliould always be ufed, otherwife the

ftone will gradually be obfcured ; for any

water, though clear as cryftal, leaves, upon
evaporation to drynefs, an earthy reliduum.

When the water then which has been ad-

mitted is gradually diffipated by evapora-

tion, fomewhat always remains behind

;

this, an account of its -tenuity, for a long

time does not injure the tranfparency, but

if the operation be frequently repeated it

may at length become vifible ; but this may
be ealily removed by acids, if, as is ufually

the cafe, it is of a calcareous nature. I am
not ignorant that in this operation the co-

louring particles of tinged liquors are ex-

cluded, though the vehicles penetrate the

flonej but it is equally true that alkaline

lixivia penetrate, and of confequence calca-

reous and other folutions will alfo penetrate.

By concentrated vitriolic acid alfo the

Idone acquires tranfparency, but fometimes
the colour is darkened by the acid re-

maining in the pores, and growing blackifli

but this may be removed by an alkali. But
the nitrous acid, highly dephlegmated, ra-

ther dephlogifticates than diiTolves the iron

of the ilone, and occalionally produces va-

rious hues of yellow ^ but as acid menhrua
are able to take up a little of the argillaceous

earth as well as the iron (§ ii. e) there is

no doubt but, if frequently ufed, they will

F 3 gradually
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gradually change the texture of the ftone.

The water enters at the hrft trial more (lowly

than afterwards ; it may therefore happen
that a ftone which at firft fcarcely admits

water may, by lying a proper time in acids,

have its foramina opened and dilated fo as to

admit it freely.

That the (lone when tranfparent is more
ponderous than when opaque, experience

flaews, and the fluid imbibed will eaflly

explain the caufe.

(i) We muft not omit mentioning, that

v/hen the hydrophanous (lone rendered tranf-

parent is expofed to the rays of the fun, or

to an intenfe light, it frequently (hews a

fpark or fpot (Lining with peculiar ludre,

which changes to diiferent parts of the fur-

face, according to the (ituation of the light.

This property, which belongs to opals pecu-

liarly, but not excluflvely, is not diificult of

explanation, as the hydrophanous (lone is of

the nature of opals j but is thus far imper-
fedl, that when dry it is opaque, when wet
however it grows tranfparent, and then ac-

quires completely the properties of the opal.

The property is of this nature :—let l m n o,

tab. 2, reprefent the fedlion of an opal, of a

lenticular or ellipfoid form
j

let the parallel

rays of light 1 m 1 m, &c. fall upon it,

and a light will appear in the oppoflte

quadrant above m 3 in proportion as the

incident rays are more oblique, the (Lin-

ing fpot is more narrow and more bril-

liant 3
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‘ liant ; but the higher the luminous body
rifes, the larger and weaker is the Ihining

fpot. Let a light fall, by means of candles,

on both right and left quadrant, and two
oppofite {Lining fpots will appear, but

weaker than the iingle. In open air, in the

day-light, the half l m N appears almoft

entirely overfpread with a refradled light,

but indefinite, not exhibiting any figure ;

yet when light is admitted into a chamber
through a hole in the window-ihutter, the

llaining fpot reprefents the figure of the hole :

it alfo reprefents the figure of the flame,

and that in an eredt lituation, if 1 repre-

fents a lighted candle or the fun itfelf

^

therefore the adjacent rays, coming from the

fame points, are refradted within the ftone,

and form the figures of thefe points. When
the incident rays are nearly parallel to the

plane n q^, two or more curves of that kind
called caiijiic by refraSiton diverge from m
to the internal parts ; thofe which arife

from refradtion from the oppofite convex
part o L are feen within the ifone, but thofe

which are generated by refradtion in the

concave part l m n are extended beyond
the flione, in the plane n In order to

obferve thefe phenomena diftindtly, let the

lighted candle 1 be placed at a foot diftance

from the perpendicular r p, pafling through
the eye at r, placed about half a foot

higher than the flame ; then let an elliplbid

opal be held upon the finger, or a card, at

F 4 the



72 OF THE HYDROPHANOUS STONE.

the diftance of an inch from the flame, and
the cauftic curves will appear : if the ftone

finks ever fo little in the line n s, parallel

to R p, a refulgent point will appear within

the mafs at m, of the colour of the ray

which paffes through it : but at o, or the

furface, a white fpot appears ; when it de-

fcends a little lower, in the fame right line,

the points change into flaming figures
; at o

a white and leffer one arifing from reflexion ;

at M one coloured, and larger, which arifes

from refradtion ; thefe two, upon the fur-

ther finking of the ftoiie, rife and meet toge-

ther at L by ufe we may eafily learn to pro-

duce any of thefe varieties, unlefs the figure

of the flone be improper, as upon this de-

pends both the number and the differences

of the curves. The colour of the figures

which arife from refra(fl;ion muff neceffarily

be the fame with that which the ftone

tranfmits ; for it is known that opals feen

with refledted and refradted light exhibit dif-

ferent colours : the mountain cryflals, and
other coloLirlefs pellucid ftones, however
fuitable their form, do not exhibit thefe

phaenomena diflindtly : certain vague col-

lections of light may be feen, but a peculiar

colour is necefl'ary to diftinguifli the form
of fuch appearances : this colour is here

wanting, as all fpecies of rays are tranf-

mitted.

The nature of our fubjedl forbids the in-

trodudlion of any thing mqre geometrical,

as
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as what has been faid is fufficient to explain

the true nature and origin of thefe luminous

points. We fhall only add, that the ftars

which appear on the furfaces of fphserical

pellucid ftones by a particular fituation with
refpedt to the light, are generally nothing

more than a number of thefe cauftic curves

proceeding from the fame point—to this

perhaps may be referred the afteriae of the

ancients.

(k) The cruft of that ftone which Born
calls the fpathurn piceum, according to his

obfervations, fometimes grows tranfparent

in water, and is akin to the opals in its

loofe texture, its not ftriking fire with fteel,

in breaking fmooth, and other external

marks. Upon analyfis I found it for the

moft part a pure filiceous earth, with a little

clay
; and an exceeding fmall portion of

lime.

§ IV. Of the Hydrophanous Steatite.

Although this mutability is chiefly found
in the filiceous ftones of a loofer texture, it

muft not be confidered as peculiar to them
alone. The conditions necelTary for this

purpofe may alio be found in the other

tribes, as we ihall here prove by an ex-
ample.

The fteatites vary much, both in colour
and fubtlety of parts, as is well known. In

this
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this fpecies alfo there fometimes occurs a

fhrufture of fuch a kind as to admit water

;

and as more than half the weight confifts of

filiceous particles, frequently pellucid, it

may be eafily underftood how this may be

rendered more tranfparent : but the hydro-

phanous fteatites, being loaded with magne-
ha, feldom attains the fame degree of tranfpa-

rency as thofe which conlift entirely of fili-

ceous earth, which are alfo more hard, tho’

they yield in beauty and variety of colour

to the others. Dr. Briickman mentions

red, white, grey, and green fteatites, polTef-

fed of this property ; thefe he diredfs to be

prepared firfi; by boiling in an alkaline lixi-

vium, and then in vinegar.

Experiments, if fufficiently multiplied,

will doubtlefs difcover hydrophanous ftones

in other fpecies.

D I S S E R-



DISSERTATION XV.

OF THE

EARTH OF GEMS.

§ I. Various Opinions concerning the Earth

of Gems.

F rom the moft remote ages, the tranf-

parency, the fplendor, the colour, and

hardnefs of gems have attradled the atten-

tion of mankind, fo that, not only in the

time of Theophraftus the Erelian, they were

dignified by the name of precious ftones

;

but in our days this product of the mineral

kingdom is very dear, and not to be had but

at an enormous price : but although it is

very reafonable to admire, with Pliny, the

perfedlion of their nature •, yet, to the bulk
of mankind, more felicitous about external

glitter than internal perfection# they have

rather
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rather fuggefted the idea of making them
fubfervient to vanity and luxury, than that

of examining their real perfedtions. Their
fcarcity and extreme dearnefs for a very long

time prevented them from being accurately

examined, from tvhence it often happened
that the wealthy paid dear for their igno-

rance, purchafing the fpurious or artificial

gems as genuine.

In the mean time mineralogifts included

them in their fyflems ; but as they trufted

too much partly to external appearances,

partly to other fallacious marks, it was im-
pofiible but they muft difagree about the

arrangement j and certainly, fo long as their

analylis was not underftood, no man could

(unlefs accidentally) aflign their true places,

as long as it was unknown whether their

earthy bafe was fimple and primitive, or

compound and derivative. Such as rank

the gems among faline bodies, regard chief-

ly their figure ; but thefe men do not con-

fider that determinate forms by no means
depend upon faline nature (although fub-

ifances which are foluble in water are in a

particular manner difpofed to cryftalliza-

tion) inafmuch as metallic, inflammable,
,

and earthy bodies, afford cryllals, and thofe

not unfrequently of a very beautiful kind;

and in general the property of cryfliallizing

feems to belong to every iblid body, pro-

vided its particles be fo fubtilely divided

and fufpended (either in the dry or the hu-

mid



OF THE EARTH OF GEMS. yj

mid way) that while they are again concret-

ing they may be at liberty to obey their

mutual attraftion, and alTume a fymmetrical

fituation : in falts themfelves the fpecies of

figure depends not upon the acid, nor yet

upon the bafe which is united to it. The
vegetable, as well as the mineral alkali, with

marine acid alTumes a cubic figure ; but the

fame acid, with volatile alkali, terra ponde-

rofa, mercury, bifmuth, cobalt, and other

fubftances, affumes forms of a very different

kind. If therefore in this cafe the acid

has no effebt, how will it aft when it can-

not be diflinguifhed by any experiment, but

its prefence is inferred by bare conjefture ?—
The fame may be faid of the bafe ; for each

alkali, with different acids, yields diffimilar

cryftals. Alum and falited cobalt, when
properly cryftallized, yield oftaedra, a figure

which neither correfponds with the men-
ftriium nor the bafe ; and what are we to

think of the pyrites, which occafionally

exhibit every one of the regular geometrical

figures ?—but we haveno need ofmultiplying

examples, if that be known, which I think

has been already fufficiently demonftrated,

namely, that from a few primitive forms
of the fame fubflance, a great many deriva-

tive-, and thofe very diffimilar, may arife.

Thefe things being confidered, I do not fee

with what propriety the diamond and the

ruby are affociated with alum, of which they

do not fhew the flightefl veftige : but if,

after
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after all, we are rather to truft to occult

principles, on this foundation we may make
alum of falited cobalt, and the other o£tae-

dral falts. On this hypothefis too the cubic

diamond would be enumerated along with
fea fait ; and that which is an hexagonal

prifm, terminated at each end by three

rhombi, among the fchoerls.

Thofe who rank the gems among vitref-

cible Hones, belides various negative cri-

teria of leifer moment, maintain that they

have a gloffy appearance, and that, in fufion

with fixed alkali, they run into a pellucid

glafs ; the former of thefe circumftances is

very fallacious, the latter indeed refers to a

quality more effential. But we fhall fee

hereafter what experiments fhew on this

head : hardnefs is in general but a very

vague mark, as it often depends entirely

upon the degree of exficcation, the fub-

Hance ftill remaining the fame, as appears

fufficiently in foft clay, when well burned.

What fome call vitrefcent earths, others de- ;

nominate filiceous ; but names change not
j

the nature of things, thofe being the beft N
which are adapted to it.

In drawing up a fyftem of mineralogy, if t

the figure, texture, hardnefs, colour, tranfi-
,

parency, magnitude, and other external ap-

pearances, were every where and always fuf-

ficient to diftinguifh mineral bodies, this

would perhaps (to beginners) be the moft

eafy method, but it ftill would not be the
^

5 beft,
j
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beft, as thefe properties of bodies, which are

applicable to human purpofes, are derived

from the nature of the conftituent parts,

and but rarely from the external appear-

ance. No one is ignorant how fallacious

fuperficial charadters are, at leaft no one

who has the leaft idea of modern minera-

logy.—But fuch is the condition of man,
that when he is led by the hope of fuccefs

to attempt impolfibilities, a long time paffes

before he returns to wifdom.

Among the moft modern fyftems of mi-
neralogy the moft perfedt by far is that of

the illuftrious Cronftedt, a fyftem which he
propofed with fo much modefty as to con-

ceal his name. In this ail the fubftances are

arranged according to their principles : if

he fometimes conliders thofe as fimpie

which in reality are compound, it is not to be

laid to his charge, as thefe errors proceeded

not from a defedt in his plan, but from the

want of a fafficient number of experiments:

—if he has not every where found out the

right path, he always feeks it with candour,

and defcribes it with precifion. Treading
in his fteps, I have for many years laboured

in the analylis of the mineral kingdom, in

queft of the foundations for a fyftem of na-

tural hiftory, more expreftly adapted to the

improvement of natural philofophy, and the

advancement of public and private utility.

In v'arious little eflays I have, in a curfory

manlier, mentioned the conclufions drawn

.
from
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from my experiments : in this place I am
efpecially to treat of gems, in which clafs

thofe cryftals only are generally ranked

which very much exceed the mountain cryf-

tals in hardnefs.

§11. Habitudes of the Gems examined by the

Blow-Pipe.

The tube which goldfmiths ufe for fol-

dering, and which is employed by a few
other artificers, is well adapted for experi-

ments in mineralogy ; its ufefulnefs and
convenience recommend it much, as I have

at large mentioned in a treatife on that in-

flrument. This is of the greatefi: ufe in the

examination of gems, as the fmalleft pieces

that can be taken up by a forceps (which in

this cafe are fufficiently expenfive) will ferve

for thefe experiments.

It is neceffary at the very firfi; to diftin-

guifh the diamond from the reft, as it is

much harder than them, and alfo differs in

other particulars.

Powdered diamond, expofed to the flame

on a piece of charcoal, foon grows white,

but fcarcely undergoes a fenfible change, as

It Is difficult to keep up the flame conftant-

ly for fo long a time as is neceffary to re-

folve it into vapour ; while at the fame time,

for fo long a continuance it is fcarce pof-

fible to avoid fome fmall inequality in the

blowing, which will fcatter it about ^ in

7 this
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this refpedt other gems entirely agree with

the diamond.

In order to obtain folutions of minerals

3y the viaJicca^ I employ chiefly three dif-

ferent kind of falts, namely, an acid, an al-

kaline, and a neutral. I am not acquainted

?vith any acid which can endure the fire

jpon charcoal, except that of the microcof-

mc fait : this fait is neutral, but triple,

:ontaining both the volatile and mineral al-

kali. The phofphoric acid, faturated with
volatile alkali, cannot be brought to cryf-

;allize ; which yet always happens, upon
:he acceflion of a proper quantity of mineral

ilkali, and the triple fait which refults from
lence is commonly called microcofmic faltb

Upon fufion on the charcoal, this fends

forth its volatile alkali, fo that the portion

if acid which had been before faturated

vith it, being now fet at liberty, is the

setter able to exert its effects upon othej?

oodies. I make choice of the mineral al-

kali well depurated j the vegetable, on ac-

:ount of its deliquefcence, is lefs proper.

Of late I make ufe of borax, as being a fait

learly neutral, both the principles of which
ire fixed in the fire, and are much difpofed

to vitrification.

I have tried the effe<fl:s of thefe falts upon
the gems the microcofmic fait attacks

them with difficulty, yet diflblves them;
md with refpedt to this fait, there is a
remarkable difference between the diamond
VoL. II. Q and
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and all the other gems ; for a fmall piece or

a very fubtile powder of it, immerfed in a

globule of this fait in fufion, during the fu-

fion immediately floats upon the furface, at

lirfl; fending forth flowly a few bubbles,

which, upon continuing the operation, en-

tirely ceafe. If the apex of the flame be

kept conftantly on the powder, it is gra-

dually diminifhed, but is partly confumed
by the fire, partly diflipated by the blaft,

and the refiduum, which is very fmall, per-

haps dilfolved. The particles of the other

gems enter into, and remain in the fufed

fait without eifervefcence ; they wheel cir-

cularly about with great velocity, and are

by degrees taken up, yielding water-colour-

ed globules, unlefs when they are coloured,

which, on vitrifying, they fometimes are,

efpecially when hot.-—Thefe gems there-

fore are fixed to the falts by a more power-
ful attraction than the diamond, which on
the contrary (hews a fort of repulfion.

The mineral alkali, fufed in a filver fpoon

[charcoal abforbs it] takes up the fmallefl:

particles of gems, and notwithflanding a

long continued flame fcarccly diminifhes

them
j

yet the emerald is refolved into a

powder, but a refraCtory one. The diamond
ieems to elude its force altogether, as will

appear from what follows.

Borax diflTolves them almoft in the fame

manner as microcofmic fait, but fomewhat
more quickly, and without any effervef-

2 cence

;
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cence ; but the diamond is more weakly

attacked, fo that after a long-continued fu-

lion the globule adheres to the charcoal,

and the powder lying on the furface is in

the mean time diffipated.

The powdered diamond, before it is ex-

amined, muft be depurated by aqua regia,

for all that which is for fale abounds with
heterogeneous matters, as we lhall fee here-

after (§ III. b). As the diamond exceeds

all the reft in hardnefs, as it is by fire difli-

pated into fnioke, and in all its habits dif-

fers from the reft, which in general agree

with one another : thefe fhall in the future

be fpecifically comprehended under the

name of gems.

The habits above deferibed, efpecially

thofe with the mineral alkali, diftinguifti

the gems very completely from the moun-
tain cryftals, which are not only taken up'

by alkali, but alfo with a vehement ebulli-

tion or effervefcence : thofe artificially made,

which confift of an hyaline, or coloured

glafs, immediately betray themfelves, by
fufing without any addition.'

Hence it appears that the diamond and the

gems form genera as much diftindt as quartz,

garnet, fchoerl, and many ftone's yet it

remains to be examined, whether the earthy

bafe of each be primitive or derivative; and

if the latter be the caie, what fimple ele-

ments, and in what proportion, conftitute

it ?—Thefe queftions cannot be anfvvered

G 2- but
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but by the via himida, to which we fhall

therefore have recourfe.

§ III. Cautions to be objervedi and Difficulties

occurring in the Analyjis of Gems.

In this examination many obftacles oc-

cur, the chief of which we fhall conlider fe-

parately.

(a) The dearnefs of the matter not only

perfuades but obliges us to ufe fmall quan-

tities ; and in the operation we muff be

very cautious to avoid the lofs or addition of

any thing, as in an experiment on fo fmall

a quantity the leall difference is of great

confequence, though in a larger quantity it

might be almoft entirely neglected.

(b) Pulverizing the gems is attended

with many inconveniences ; they are pof-

feffed of fuch a degree of hardnefs that they

are in this refpect fuperior to all other bo-
dies j

when immerfed, red hot, in cold wa-
ter, they become fcarcely more friable,

though by this method the moft folid moun-
tain cryftais are very eafily comminuted.
Struck by the hammer on an anvil the

grains of mountain cryftal fplit in general,

but the fragments often fly about ; and as

to the diamond it frequently penetrates both
the anvil and the hammer.—The diamond-
powder which is for fale contains heteroge-

neous matters : from that which I got from
the Baron Alflromer, and which had been

lately
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lately brought from Antwerp, aqua regia

extradled 0,12, without the afliftance of

heat ; the menftruum thus loaded was yel-

low : fixed alkali threw down a whitifh

powder, which, expofed alone to the blow-

pipe, melted into an opake globule of a

metallic appearance ; this effervefced with

lime, with borax, and microcofmic fait ;

but the globule, with microcofmic fait,

when loaded with a certain quantity, grew
red on cooling, pafling in a fingle inftant

from the mofi; fplendid reddilh tranfparency

to opacity. There is no doubt but that

this foreign mixture is owing to the inftru-

ments made ufe of, for which reafon the

powdered diamond is fold at a fmaller price

than pieces of diamond fo fmall that they

are of no ufe but for pulverization.

The other gems are much more eafily

comminuted, and at length may be united

with water , while the pure water is milky,

it is to be carefully decanted, and frefh

poured on repeatedly, until by degrees the

whole mafs has acquired fuch a degree of

fubtilty, that it can remain fufpended,

though remaining at reft for fome minutes.

The moft extenfive furface polTible is ne-

celTary, that the meriftrua may be able to

loofen the clofe connexion of thd primitive

principles j but as the agate is much infe-

rior in hardnefs to the gems, fomething of

the filiceous earth muft neceffarily be abra-

ded, even by the moft gentle triture, which
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is mixed, and, although known as to its na-

ture, nearly unknown as to quantity, un-
lefs by weighing the yelTel exadtly before and

after, efpecially if it be convenient to rnake

experiments upon fmall quantities only.

(c) It is not a kittle difficult to pro-

cure fuch veffiels as are fit for thefe ex-

periments in the dry way. The common
crucibles have rough furfaces filled with
little holes, which hide a quantity of the

matter very confiderable where experiments

are made upon minute portions ; and what
is ftill worfe, they confifi; of argillaceous

and filiceous earth mixed, which muft ren-

der our conclufion fallacious and uncertain,

efpecially when fixed alkali is ufed. In or-

der to difcover the effect produced by this

circumftance, I made the following experi-

ment :-—a fmall Heffian crucible, exactly ba-

lanced, weighed 1,585 affay pounds ; into

this I put 100 of dry fait of tartar, and ex-

pofed it for 37 minutes to a melting heat ;

but upon cooling I found no more than.

1,6455 fo that 40 pounds had flo'wn off,

owing, no doubt, to the aerial acid and the

moifture j the former adhering to the al-

kali, the latter both to the fait and the

crucible. The fufed pellucid mafs at the

bottom at firft refembled a glafs, but was
by degrees obfcured by attrading the wa-
tery vapours from the atmofphere : this I

firft wafhed with warm water, which, when
decanted off, formed a jelly

5
when well

walhed.
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waflied, firfl with vitriolic acid, then with
warm water, and dried, it weighed 12 lb.

which, upon examination, appeared to be

altogether filiceous. The folution pre-

cipitated by fixed alkali, gave 6 lb. of
earth of alum j befides, the crucible was
remarkably corr ded, particularly about the

furface of the fufed mafs. Hence the parti-

cles and fragments which were feparated

in the wafhing, when dried weighed 10 lb.

but the crucible itfelf, well walhed and
dried, now weighed 1,594 lb. which is

greater than its weight when new ; there-

fore, as 12 -} 6 -f“ to — 28, and 1,585 *—
28 = i, 557 » and i >594 — i »557 = 37 > it

is manifell;, that during the fufion the fixed

alkali had extradted 12 lb. of filiceous earth,

that is nearly ^ its own weight, and 6 of
clay, or nearly -fs- j and that befides the cru-

cible retained 37 lb. of fixed alkali, which
covered the bottom with a vitreous cruft

not at all foluble in water : thefe circum-
ftances £hew plainly, that we muft not truft

to the crucible in decompofing the feveral

genera of earths by the dry way, as it

will fuperadd heterogeneous matters, or at

leaft change the proportions of the prin-

ciples.

In the examination of quartz, I have for

many years made ufe of the iron difhes

which are defcribed in the Treatife de Ter-
ris Geoponicis. It is well known, that the

common rods of this metal are of a paral®^

G 4 lelopiped
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lelopiped form, two of whofe oppofite fides

are broader than the other two j I made
choice of forged iron of the heft kind 5

the rod I had cut into pieces of an inch

in length, and on each of the broader fur-»

faces I hollowed out a fegment of a fphere |

in thefe cavities, when cleaned and polilh-

ed, I put the mixtures with alkali, and

by an iron cover prevented the falling in of

afhes. and coals. I alfo made trial of another

metal, namely, platina precipitated from
aqua regis by fal ammoniac, and afterwards

fufed by microcofmic fait, and then formed,

by hammering, into a little cup ^ but the

large pieces of regulus obtained this way
were brittle, and none but thofe which
were very fmall were fo perfedlly fufed as

to be malleable. The little cups made of

this metal could therefore only contain a

few grains ; but if they can ever be ob-

tained of a proper fize, they will be in all

tefpedts the beft, as being infulible by fire

and if at firft they be fufficiently boiled in

marine acid, the malfes afterwards fufed in

them will not be adulterated with apy iron ;

they may indeed be elixated by any acid

menftruum, except aqua regis.

If the mineral earths are fufed in iron

jliflies, by means of alkaline falts, a confider-

able quantity of the iron is mixed with

them^ which renders the reparation of their

primary principles extremely difficult ; but

by a proper regulation of the degree of fire
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the defired end may be obtained without

any inconvenience, as we fhall hereafter

fee.

(d) In thefe experiments it is neceflary

to have the menftrua much purer than they

are generally found. The vitriolic acid

which is for fale is adulterated with a va-

riety of heterogeneous matters, and among
others fometimes with gypfum and vitriol,

which occafions a confiderable difference in

enquiries fuch as ours. No other, there-

fore, is to be employed but fuch as has

paired over from a low cucurbit by a gentle

diftillation.

The other acids too require to be depu-
rated by a peculiar diftillation, for it is par-

ticularly neceffary that they be freed from
all earthy or metallic mixture, as fuch mull
confound the quantity and quality of the

principles which are explored by the ana-

lylis.

The common alkali of tartar is always

adulterated with liliceous atoms, the weight
of which frequently amounts to 0,02 ; thefe

in the ftrong acids immediately are feparated,

but being united with the alkali, remain in

the watery folution until the menftruum
has attracted aerial acid from the atmo-
fphere, which proceeds very llowly ; for this

teafon, in experiments which require much
accuracy, I ufe no other alkali than the mi-
neral well depurated, or the vegetable ex-

|:raded by diftilled water from cream of

tartar
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tartar in a well-burned glafs veffel, which
manifefts no figns of filiceous earth.

§ IV. Power of Acids in decompofng the

Gems.

There are only yet difcovered five fpecies

of earths, which are fo fimple that they

cannot, by any means hitherto known, be

refolved into more fimple ones, nor be

tranfmuted one into the other j thefe are

therefore called primitive earths, and that

with juftice, until new experiments evince

the contrary :—thefe are terra ponderofa,

lime, magnefia, argillaceous and filiceous

earth. It cannot be denied that it is not

altogether without probability fome ima-
gine that the number of thefe earths fhould

be diminifhed, confidering them all as mo-
difications of one ; but in the explanation

of nature, we mull not fo far indulge con-

jecture, as to fuffer the vain phantafms of
imagination to prevail over phaenomena con--

firmed by conftant experience, and ‘not im-
peached by a fmgle experiment, when made
with accuracy. Four of the above-men-
tioned earths are foluble in certain acids

;

the fifth alone rejeCts all acids, except that

of the mineral fluor. If, therefore, fome of

thefe, in greater or lefs number, be united

into one mafs, chemiftry is able to feparate

them all by the ufe of appropriated men-
ftrua : enlarging the furface pf pontaCl aflifts
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the adlion of the menftruum very much,
the earth muft therefore be reduced to a

very fubtile powder. Sometimes, however,

mechanical divifion is not fufficient, and

the operation muft be performed chymi-

cally, which, in theprefent inftance, is done

in the dry way, by means of an alkaline

fait, which by attacking the filiceous earth

loofens the connedtion of the principles-—to

what degree the ufe of mechanical pulve-

rization alone may be carried, we (hall foon

fee.

(a) Vitriolic acid did not attack the dia-

mond in any way in which I have hitherto

employed it ; but I muft confefs, that I

made ufe only of very fmall portions : I

chofe the fmalleft fragments of the thinneft

lamellas, being very reafonably diftruftful of

the powder which is for fale. A double

weight of vitriolic acid, highly concentrat-

ed, added to a very fubtile powder of the

other gems, and afterwards difcharged by
boiling to drynefs, operates very power-
fully ; for the refiduum, elixated with warm
water, yields not only a metallic colouring

fubftance, but a fmall portion of lime : the

metallic part, precipitated by a phlogifticat-

ed alkaline lixivium, yields a beautiful Pruf-

fian blue ; fo that from hence it clearly ap-

pears, that the red colour of the ruby, as well

as the blue of the fapphire, the yellow of the
topaz, the tawny of the hyacinth, and the

green of the emerald, is to be attributed to

iron j
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iron j the quantity of which I determined by
that of the blue precipitate. As I have elfe-

where
(
6 ) demonftrated, that fix parts of the

Pruffian blue are obtained from one of the

dilfolved iron, I precipitated the calcare-

ous matters with an alkali, and it was found

fo pure, that with vitriolic acid it did not

fhew the fmalled; traces of argillaceous

earth, except in the decompolition of the

fapphire. Below are found the quantities

extradted from 100 alfay pounds, exprelfed

in hundredth parts, or fingle pounds.

Aerated lime. Iron,

The ruby, red - - oriental 9 — 10
fapphire, blue - oriental 7 — 2

topaz, yellow - Saxon 8 — 6
hyacinth, tawny - oriental 20 — 13
emerald, green - oriental 8f — 4

Bv this method all the calcareous earth

and iron are extracted, as will appear here-

after.

(b) Concentrated nitrous acid, by digef-

tion and decodlion, yielded nearly the fame

refult j I ufed eight times the quantity of this

menftruum, continued the digeftion for two
days, and the boiling for an hour ; I cau-

tioufly decanted off the clear liquor, and

poured on again the fame quantity of men-
ftruum, digefted, and then boiled it : this

(^) De Min. Doc. hum.

5 operation
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operation I repeated twice more, and then

flopped, as the lafl liquor contained very

little dilTolved matter.

Thefe liquors, colledled and precipitated,

gave nearly the fame refult as mentioned in

A, at leafl with regard to the lime ; and in

the iron the difference never exceeded 0,02.

The nitrous acid, efpecially when affifled by
heat, dephlogiflicates the iron, and in that

cafe takes it up with great difficulty : hence

too, in this experiment, the iron was mixed
with a little ochre.

The diamond rejedls this menflruum as

well as the former.

(c) 1 employed the concentrated marine,

as well as nitrous acid ; and with the fame
fuccefs, except that it extradled the iron

better than even vitriolic acid, but the dif-

ference did not exceed 0,01.

We fee, therefore, that from the gems
properly fo called a fmall quantity of lime

and iron may be extracted by acid menflrua

;

but as what is extradled fcarcely amounts to

4 of the whole, and after the feparation

the refiduum is nearly of the fame nature as

before, I began to conje6lure that the ex-

tradled part is accidental, and that the refi-

duum conflitutes the particular primitive

earth ; and this is an opinion which I have
publifhed in other works. In the mean
time, however, the few veftiges of argilla-

ceous earth which are extradled from the

fapphire, and which fometimes amount to

0,02,
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0,02, flarted a fcruple of great weight; as

1 had often before experienced that bodies

which, notwithftanding the mod: fubtile

mechanical pulverization, appear infoluble,

yet upon being dilTolved in another men-
Uruum are afterwards adlually taken up by
the very menflrila which before were inef-

fectual : I therefore tried in Hiany ways to

effect my purpofe. One part of alkaline

fait, by means of a due degree of fire, reduces

two parts of quartz or flint to a tranfpa-

rent ftrong glafs ; but as the proportion of

fait is encreafed, the glafs becomes the worfe,

and is not only corroded by acids, but, if it

contains a double quantity of fait, deli-

quiates in the open air : by this method a

glafs may be had foluble in water. The
gems could not heretofore be reduced to

tranfparent mafi'es by means of alkali, and

a quadruple quantity of fait is requifite

to make them coalefce in fufion to a certain

degree ; but as this operation cannot fafely

be performed but in iron veflels, in which
cafe the mafs not only adheres obftinately to

the veffel, but is at the fame time loaded

with iron, this method is liable to great in-

conveniencies ; but upon trial I have found

that fuflon is not neceflary, and that the

purpofe is equally anfwered, if the quantity

of alkali be fuch that the particles may co-

alefce by an incipient fufion. Hence re-

fults a method which I have found extreme-

ly convenient in the examination of mine-
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rals, the application of which to the gems
I am now to defcribe.

§ V. Method by which the proximate Frin-

ciples of Gems are mofi eafly deter?nined.

(a) The gems are to be reduced to a

moll: fubtile powder, which may be elfedted

by trituration and elutriation.

(b) a determined weight of this powder
(the larger the quantity the better) is to be

mixed with double its weight of depurated

mineral alkali which has undergone fponta-

neous calcination.

(c) Let the mixture be put into an iron

dilh, the infide of which Ihould be fmooth
and polilhed, left thefmall pieces, which by
calcination eafily feparate from the metal, be

mixed with the contents of the veftel.

(d) Let the dilh be placed in a wind-
furnace, upon a tile, and covered by an in-

verted crucible, to keep off the coals and
alhes.

(e) Let it be kept moderately hot for

three or four hours j if the heat be too great

the mafs adheres to the bottom of the veftel

:

a blaft is not to be employed, left the iron

Ihould fwell, and go off in fcorise.

The firmnefs and coherence of the mafs,

and its being eafily feparable from the veftel,

without any mftxture, Ihew that the fire has

been properly regulated 3 which maybe eafily

learned by a few trials.

(f) Let
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(f) Let the mafs, carefully feparated

from the veffel, be powdered in an agate

mortar ; and let all that is foluble be ex-

tradied from it by marine acid, in a digeft-

ing heat.
,

That nothing more remains to be extract-

ed, may in fome meafure be judged by the

light and fpongy nature of the rehduum,
but more certainly by the addition of a new
portion of acid, which, when digefted for

feveral hours, does not take up any thing.

(g) The folution being finifhed, the re-

(iduum is collected and walhed well, dried,

and weighed. The deficiency of the for-

mer weight determines the quantity dif-

folved.

(h) The folution is yellow, which indi-

cates the prefence of iron : this is yet more
certainly manifefted by an alkaline phlogif-

ticated lixivium, and therefore the folution

fhould be firft precipitated by this, proper-

ly faturated. The Pruflian blue is collect-

ed, walhed, and dried j the fixth part of
which indicates the quantity of iron.

(i) The earth, freed from all the metallic

parts, is precipitated by a fixed alkali, puri-

fied completely from filiceous earth : let the

precipitate, walhed, dried, kept red hot for

half an hour, and then weighed, be plung-

ed into fix times its weight of diltilled vine-

gar, which in the cold, in the fpace of
an hour will dififolve all the lime, magnefia,

or terra ponderofa, which is prefent ^ but-

does
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does not take up any confiderable portion of

clay, unlefs by a long digeftion.

(k) The vinegar filtered, yields to an

aerated fixed alkali all the earth which it

held difiblved, which inufi; be edulcorated

and weighed. I mention particularly an

aerated fixed alkali, as fuch an one precipi-

tates even terra ponderofa, which eludes the

cauilic alkali.

(l) The nature of the precipitate thrown
down from the vinegar is next to be exa-

mined : if this be put into diluted vitriolic

acid, the middle fait generated will readily

determine the bafe ; for with terra ponde-

rofa this acid generates fpathum pondero-

fum infoluble in warm water, though a

thoufand times its quantity. With lime it

produces gypfum, which excites fcarcely any

fenfation of tafte, and diffolves in five hun-
dred times its weight of warm water, but is

immediately thrown down from this folu-

tion by acid of fugar in the form of fac-

charated lime. With magnefia it forms

Epfom fait, extremely bitter, foluble in its

own weight of warm water, and quickly

deftrudible by lime-water.

(m) The refiduum colleiled (g) mufi;

alfo be examined, which is bell done by the

blow-pipe : thefe refidua, in fmall portions,

mufi: undoubtedly be very minute, and
therefore fiiould not be treated in large vef-

fels : befides, the ordinary crucibles are by
no means fit, where filiceous earth is con-

VoL. II. H cernedj
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cerned, nor are vefTels of iron fafely to be
ufed, as fufion is neceffary (§ iii. c). Thefe
infoluble refidua are found to confid: either

of particles of gems not yet fufficiently di-

vided, or of filiceous earth, as all the other

earths yield to the force of the acid.

This operation is eafily performed by the

blow-pipe, in the following manner :—let

a piece of mineral alkali he fufed in a lilver

fpoon, and to it be added a fmall quantity of

the refiduum ^ the circumftances of their

union are then to be carefully obferved, for

if the refiduum enters the fufed alkali with

a vehement effervefcence, and is all quickly

diffolved, it is truly filiceous j but if it en-

ters without effervefcence, and afterwards

continues rolling about in form of a pow-
der (which, as the fufed mafs is tranfpa-

rent, may eafily be feen) we may conclude

that there ftill remain in it fome particles of

the gem.
(n) The refiduum mentioned (l) has

been alledged to be argillaceous ; but to de-

monftrate this, let it be treated with thrice

its weight of concentrated vitriolic acid, fo

that the liquor may evaporate to drynefs ;

the remaining mafs, if the bafe be argilla-

ceous, will diffolve in twice its weight of

warm water, produce a fweetifh aflringent

tafle in the mouth, yield oftaedral cryftals,

be quickly precipitated by cauftic volatile

alkali, and exhibit the other characters by

which alum is diftinguifhed.

§ VI. Proxi-
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§ VI. Proximate Principles of the Gems.

I have examined the gems in the manner
above defcribed:—the refiduum of g I found
purely filiceous ; the precipitate of h, a ge-

nuine Pruffian blue ;
that part diffolved by

diftilled vinegar in k, wholly calcareous 5

and what remained undiiTolved, argillaceous

:

fo that I entertain no doubt concerning the

quality of the principles. As to the quantity

and relative proportions, many experiments

are neceflary to determine that point j for I

have only ufed very fmall quantities, not

exceeding an affay hundred. Upon fubjedl-

ing the matter of the fame cryftal twice to

experiment, a difference occurred fcarce

exceeding t-4-o- i but different cryflials, v. g.
different rubies, differed more, even to 0,07.
Doubtlefs in every fpecies the proportions

may vary a little, within certain limits,

which yet remain to be difcovered.

Here follow the mean quantities extradl-

ed from each 100, according to my experi-

ments : as the argillaceous earth forms the

largeft part of all of them, 1 have arranged

them according to the quantity of that in-

gredient.

Clay.

Siliceous

Earth. Lime. Iron.

Emerald - 60 24 8 6

Sapphire - 58 35 5 2
Topaz 46 39 8 6
Hyacinth - 40 25 20 13
Ruby 40 39

H 2
9 10

By
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By clay I mean nothi'ng more than the

earth of alum, which is found in all clay

mixed with filiceous powder (§ v. n).

By filiceous earth I underftand fuch as

principally conftitutes pure quartz, moun-
tain crydal, and flints (§ vii). The num-
bers in the third column point out aerated

lime : a doubt may indeed be flarted, whe-
ther it enters into the compofition pure or

aerated ; if the latter be the cafe, the clofe-

nefs of its connection with the other prin-

ciples, and the fmallnefs of its quantity,

which never exceeds -i, and is in general lefs

than tV, may be fafficient to prevent any

diminution of weight in the Are, or any vi-

lible effervefcence with acids ; but the de-

ficiency of weight which neverthelefs oc-

'

curs feems to indicate that it enters the

compofition aerated. Out of loo parts one

or two are eafily diflipated in the various

operations in different veffels and filters ;

which accounts for fome of the deficiencies

in the above table ; but 5, 8, and much
lefs 12 parts, could not efcape proper accu-

racy in that analyfis, v/hich lafl; would be

the cafe in the decompofition of the hya-

cinth, on the fuppofition that the lime was

prefent free from aerial acid. 1 could ob-

ferve nothing volatile, after an expofition of

feveral hours to a white heat, nor upon the

addition of acids is any thing fublimed

while they pafs over into the receiver.

The
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The lafl column fhews the quantity of

metallic iron, which, dilTolved in acids, and
precipitated by phlogifticated alkali, yields

a quantity of dark Pruffian blue, equal to

that obtained from the feveral gems refpec-

tively (§ V. h). Now the iron is here pre-

fent in a calcined (late, and this metal, like

others, has its weight increafed by calcina-

tion, fometimes amounting even to 0,36 :

hence it follows that the quantity of -mar-

tial ingredients is fomewhat greater than

is denoted by the numbers ; and this metal

gives birth to different colours, not only in

proportion to its quantity but its quality,

that is, the quantity and modification of the

phlogiflon remaining in the calx.

From the above it may alfo be colledted,

that the gems agree in this refpedt ; that

they all confifi of the fame principles
; and

that of thefe the argillaceous earth forms
the greatefl: part, then the liliceous, next the

calcareous, and leafl; of all the iron ;—the

two firfl ingredients vary extremely.

The knowledge of the principles mufl; ne-

ceffarily throw fome light on the properties.

Thefe gems exceed all other bodies in hard-

nefs, the diamond excepted j and we find

upon analyfis, that they abound in argilla-

ceous earth. Hence we may form fome
judgm.ent of the prodigious degree of exfic-

cation requifite to occafion fuch a degree of
hardnefs. The heat of the temperate zone
is found infuiiicient for this purpofe, and

H 3 the
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the more conftant and intenfe heat of the

tropical climate is requihte : condenfation

is the neceflkry confequence of this hard-

nefs, hence the gems are more ponderous
than the other earthy cryftals.

The gems, except emerald and hyacinth,

refill; the mod; intenfe fire; yet we know
that the ruby has been foftened in the focus

of a burning mirror. Experience alfo (hews,

that the four principles of which they are

compofed, according to their various pro-

portions, form mixtures with very difierent

degrees of fufibility : fixed alkali attrafts

liliceous earth very powerfully, but fcarcely

adls upon argillaceous earth or lime
;
hence

it is with difiiculty it adts upon the gems
in which not only the filiceous earth is in

fmall quantity, but is alfo clofely united

with the other principles
;

yet in the eme-
rald, Vv^hich is inferior in hardnefs to the

red;, the loofer texture permits the alkali to

attack the filiceous earth m*ore readily

;

hence, when expofed to the blow-pipe with
this fait, it is refolved into a powder, with
a momentary efFervefcence. The microcof-

mic fait didblves lime and argillaceous earth

very well, but hardly the filiceous
;

yet, as

this is but in fmall quantity, by means of
the former the latter is taken up though
llowly. Finally, borax, which in the dry

method, ftrongly attradls ail the principles,-

didblves their combinations more eafily than

the other falts.

The
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The fame kind of delay Vv^hich the argil-

laceous and calcareous earths occalion in the

adlion of fixed alkali, by covering the fili-

ceous earth, does the clofe union of that

earth with them occafion to acid menfiirua j

fo that, without fome previous preparation

with alkali, fcarcely any thing can be extri-

cated, except the lime and the metallic part.

§ VII. Cryjlals allied to the Gems.

Upon confidering what has been faid, I

believe no one will deny that in a fyflem of

natural hiftory the gems belong to the tribe

of compound argillaceous fubfiances 3 but

as nature operates by infenfible degrees, it

will not be improper here to confider other

cryftals which are nearly related to the

gems j for by increafing the proportion of

filiceous earth a great number of fubftances,

compofed of the fame materials, will appear,

difiering from them more or lefs. To this

clafs belongs a number of Ifones, fuch as

garnet, fchoerl, zeolith, and quartz ; the

two former of tlrefe, examined in the fame
way as the gems (§ v.), exhibit the fame

principles, but in titofe the filiceous earth

predominates over the argillaceous
'j

yet is

the connexion of the principles fo clofe,

that the garnet always ferikes fire ‘with

fteel, and the fchoerl not unfrequentiy.

Thefe are followed by the zeolith, the tex-

ture of which is io lax that acids feparate its

H 4 conftituent
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conjftituent parts, without any other previous

preparation than a mechanical pulverization.

The zeolith very feldom ftrikes fire with

fteel, yet is fometimes found hard enough
for that purpofe : fuch is the white zeo-

lith of mount Moefi'eberg in Weft Goth-
land, and the green in the gold mine at

Adelfors : it is alfo very feldom tranfparent.

The quartz forms as it were the extreme

link of the chain ; for this abounds fo much
with filiceous earth, as almoft to conceal

the other principles : if the analyfis he at-

tempted with a double quantity of mineral

alkali, it is extremely difficult to moderate

the fire fo as to prevent fufion j the fait

muft therefore be reduced to t.

If the menftrua be afterwards employed
in the manner defcribed for the gems, very

little clay or lime is obtained. I am not

certain whether there be any mountain cryf-

tals entirely filiceous, which perhaps may be

the cafe. I have long fince declared, that I

did not difcover any argillaceous earth ; but

at the fame time I obferved that the ex-

periment was imperfedl.

It will be proper to conclude, by efta-

hlifhing the charadters of the ftones which
have been accurately examined (for the be-

nefit of mineralogifts) • and at the fame

time to explain their genefis and connec-
tions.

We fliall firft define thofe which be-

long to the clafs of argillacea ; concerning

which^

I
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which, though the chief circumftances have

been already mentioned, I think it fit to

repeat them in a compendious way, and then

go on to the filicea.

T^he Gem.

A fmall piece of this, expofed on char-

coal to the blow-pipe, does not flow j but

by a very long continued flame, the hya-

cinth and emerald, to which we may add
the aqua-marinus and the cryfolith, are foft-

ened and rendered opake.

Fufed with the mineral alkali in a filver

fpoon, no effbrvefcence is obferved, nor any
diminution, except in the emerald, the aqua-

marinus, and the cryfolith, which are as it

were upon the confines of the fchoerls j

thefe are refolved into a powder, but a re-

fractory one, which revolves in the globule

of fait, without any fenfible diminution.

It is diflblved, though flowly, by the mi-
crocofmic fait, without any commotion.
Glafs is not tinged, unlefs by the red ruby,

which colours it of a beautiful green : it

remains nearly tranfparent with the refl;

:

with the hyacinth and emerald it grows
opake upon cooling.

With borax it difappears a little fooner.

An addition of lime aflifts the folution,

which was firfl: obferved by the celebrated

D. Quifl;, and agrees extremely well with
its known compofition.

The
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The acids, by long digeftion, extradt a

fmall portion of the lime and iron ; but if

the gem has been previoully treated with
alkali, they alfo take up the clay ; fo that

the filiceous earth alone remains undif-

folved.

In general the gems confift of an argilla-

ceous earth, which forms the greateft part

;

then filiceoibs earth then lime ; and, final-

ly, iron varioufly modified ; the propor-

tions of each fpecies muff be determined

by a great number of experiments. It

alfo remains to be determined, whether

the various colours of each fpecies occafions

any diverfity ; and whether the hexagonal or

odtaedral prifmatic form conflantly indicates

any remarkable variety in the compofition.

The ruby is generally of an odtaedral

form ; fometimes too, accidentally, fchoerla-

ceous : analyfis has not yet determined the

compofition of any prifmatic ruby.

The fapphire is fometimes found cryflal-

lized like quartz
;
fometimes it bears the

form of an oblique parallelepiped •, fome-

times, as authors relate, it is odiaedral.

The topaz commonly affedls either a cu-

bic or paralleiopiped form, in fuch a man-
ner, however, that the figure is feldom com-
plete, but the number of fides is augmented
by the defedt in the prifm itfelf, and par-

ticularly in the margin of the plane ex-

tremity.

The



OF THE EARTH OF GEMS. lOJ

The hyacinth alfo exhibits a tetragonal

prifm, but terminated by a pyramid (tab. i.

%• 2).

The emerald is generally an hexagonal

prifm, truncated at right angles.

No perfon devoted to the ftudy of mi-
neralogy fhould forget of how little confe-

quence external marks are, efpecially as

ftones by triture become lliapelefs, or at

leaf!: irregular. Science has much to ex-

pe 61: from the anah/fis of crydals, both of

the fame and different figures, although, be-

fore the compofition can be examined, they

muff be artificially deprived of their natu-

ral form.

The fpecies of gems is ufed to be deter-

mined by the hardnefs ; and by that quality

particularly, together with the clearnefs,

has their goodnefs been eftimated. The
fpinellus is particularly worthy of obfer-

vation, which is not only powdered by the

fapphire, but even by the topaz ; as alfo

the cryfolith, which is broken down by the

mountain cryftal, the hardnefs of which
feems rather to be owing to the degree of

exficcation than the proportion of ingre-

dients. The analyfis of fpinellus, of cryfo-

lith, and other varieties, will fometimes il-

luftrate the true connexion j otherwife, after

the diamond, the firfi: degree of hardnefs

belongs to the ruby, the fecond to fapphire,

third to the topaz, next to which comes
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the genuine hyacinth, and, fourth, the

emerald.

Formerly colour was entirely confided

in j but now neither can a red charadterize

the ruby, a blue the fapphire, a yellow the

topaz, or a green the emerald.

The fpecific gravity varies fo much, that

from it nothing certain can be determined

concerning the fpecies ; but the topaz is

generally moft weighty, from 3,460 to

4,560; the next is the ruby, from 3,180
to 4,240 ; then the fapphire, from 3,650
to 3,940 j and, finally, the emerald, from

!

2,780 to 3,711 ; among the varieties of

which lafi; the cryfolith is moft ponderous.

‘The Garnet.

A fmall piece expofed to the flame flows

without ebullition, fometimes into a green

pellucid globule, fometimes into a black

fcoria.

With mineral alkali it refolves into a re-

fradtory powder fo flowly, that fcarce any

effervefcence is obferved : when the iron

predominates the mafs grows brown.

With microcofmic fait it diflTolves, with-

out any appearance of bubbles, yielding a

glafs, which is green or blackifla, if much
iron be prefent.

With borax the fame circumftances take

place.

The acids extradl fcarce any thing more
than
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than the lime and iron ; but after prepara-

tion with alkali, they alfo take up the clay,

which being feparated the filiceous earth

remains alone.

The filiceous earth forms the greateft

part ; next the argillaceous ; the calcareous

is in ftili fmailer quantity.

The iron varies much ; the pellucid cryf-

tals contain about 0,02, the opake and black

fometimes fo far as 0,2 : lead is feldom pre-

fent. The cryftals which contain tin, call-

ed zingraupen, are nearly allied to the gar-

nets.

The form, when complete, is dodecae-

dral, confifting of equal rhombi ; this may
be conceived as an hexagonal prifm, ter-

minated at each end by three rhombi. It

fometimes puts on the hyacinthine form,

though but feldom complete, efpecially

when loaded with tin : the varieties are

manifold j the internal texture is laminated,

though not confpicuoufy.

It yields in hardnefs to the topaz, but

exceeds the mountain cryftal.

The colour of pellucid garnet is red,

fometimes more or lefs verging to yellow,

fometimes to violet ': that of the opake is

yellow, red, or blackiih.

It approaches neareft to the topaz in fpe-

cific gravity j and, when copioufly loaded

with iron, fcarcely exceeds it, being from

3,600 to 4,600,
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‘The SchoerL

A fmall piece expofed to the flame foams
flightly, and grows foft, but can fcarcely be
collected into a globule, as is the cafe with
the turmalin of Ceylon, which is akin to

this, as alfo with the fquamous fchoerly

called horn-blend.

With the mineral alkali it refolves into a

powder, with a flight and almofl; momen-
tary eflfervefcence.

With microcofmic fait it diflhlves with

a flight effervefcence ; and on the addition

of a greater quantity, the globule begins to

grow opake.

With borax the cafe is the fame ; but the-

globule remains clear, unlefs made blackifh

by a large quantity of iron.

By long digeflion the acids extraft the

calcareous earth, the metallic part, and even

a great quantity of the clay j but by pre-

vious preparation with alkali, the more
foluble parts feparate from the filiceous

earth.

The filiceous earth is in fomewhat greater

quantity than in the garnet ; the argillaceous

is next in order j laft, the calcareous. The
martial ingredient forms about 0,04 in the

pellucid cryftals ; in the opake, particularly

the black, it fometimes amounts to 0,2.

Its cryftalline form, when complete, is

the fame with that of the garnet, only the

prifm is more elongated 5 but it is very fel-

dom
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dom found perfed; ; hence the defed; of

apices and prifms of a greater number of

fides. The angular longitudinal excavations

are doubtlefs the veftiges of cryfcalline fpi-

culas fonned at the fame time ; the horn-
blend is generally found concreted into

fquamous fquare lamellce ; the texture is

fpathaceous, though not always confpi-

cuous.

It fcarcely exceeds the mountain cryftal

in hardnefs ; but the prifmatic may often

be cut by a knife ; the fquamous al-

ways.

The colour of the tranflucid cryflals is

yellow or brown, but generally green : the

opake black or green.

It is nearly equal in fpecific gravity to

the garnet, between 3,000 and 4,000 } the

clear cryftals are generally lighter.

The Zeolith.

A fmall piece expofed to the fame fwells

up like borax, with the greater vehemence

in proportion as it is more crylfalline ; it

finally goes off in a fpumous fcoria, and can

very feldom be brought into a globule ; a

few varieties of it fliew a momentary expan

-

fion of volum.e, and that without any ebul-

lition.

With the microcofmic fait it fwells in

diiToiving, but flowly, and the globule re-

mains clear.

7 With
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With borax it dilTolves in the fame man^
ner.

The acids extradt every thing that is fo-^

luble, without previous preparation with i

alkali, nay fometimes they refolve it into
^

a jelly.

In this too the filiceous earth is more
abundant than the argillaceous ; the calca-

reous makes the fmalleft part; the iron

fcarcely exceeds o,oi.

The form of the cryftals is feldom prif- ;

matic 5 generally an imperfedl pyratnid ;
'

many diverge from the fame point, with
broad extremities, and often coalefce into

fmall fpheres.

Its hardnefs is feldom fo great as to ftrike

fire with flint
;

generally it will not even !

cut glafs.

The colour white and red, fometimes

green, very feldom tranfparent.

It is not of great fpecific gravity, fcarce

exceeding 2,100.

From what has been faid it plainly ap-
;

pears, that the garnet, the fchoerl, and

the zeolithj are united in the fame degree

of affinity as the ruby, the fapphire, the

topaz, the hyacinth, and the emerald
;

yet

in fyftematic arrangement the three firfl ,

named are placed not only under diffe-

rent genera, but often under different or-

ders. The hardnefs encreafes in proportion
'

to the clay 1 from the zeolith, through

the fchoerl, to the garnet, we may follow

the
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the natural chain, by defcending through
the faxum trapp. to the marga ;—in this

there occurs no more than a mechanical

mixture. Every clay which I have had an

opportunity of examining contains filiceous

particles, finer or coarfer, mixed with it,

but always exceeding the weight of half the

mafs, frequently amounting to 0,7, nay to

0,8 j it is generally alfo mixed with iron,

from 0,03 to 0,20. Let us now fuppofethe

accefs of a little calcareous earth, and we (hall

have the marga, which is difcovered by an

effervefcence in acids, although the calca-

reous earth does not exceed 0,02. In the

faxum trapp. analyfis difcovers the fame

principles, not feparate, as in the former

cafe, but united, and that not merely by in-

duration, but by a fpecies of rude cryftal-

lization ; for the microfcope difcovers the

texture to be fpiculated or granulated : fup-

pofe this to be reckoned among the faxa, the

diftinguhhing property of which is to ex-

hibit particles of different natures, diflin-

guifhable by the eye ; it will at lead be

found the mod fubtile of mechanical com-
pofitions, and condituting a link of the chain

which unites the faxa with thofe which,
although compounded, are yet fo homoge-
neous and concreted, by the attraction of
their parts, that the eye, even aflided by
the glafs, cannot didinguifh their conditu-

ent parts ^ as all the integrant parts contain

the fame proximate principles, and in the

VoL. II, I fame
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fame proportion as the whole does. To thi&

belong the gems, the garnet, the fehoerl,

the zeolith, and other derivative earths,

which Mr. Cronftedt confiders as primitive.

I leave it to be determined whether cryf-

tals may be formed without the help of any
other menftruum than water :—to me it

appears very probable that any fluid vehicle,

;

even though not a folvent, may be fufficient:

for this purpofe, provided the minute atoms
j

are fo fufpended in it that they may freely
i

©bey the laws of their mutual attradiion.i

The very minute molecules exert attradlionsj

proportioned to the amplitude of their fur-

faces ; a force which is deficient in larger

particles. More or lefs of water alfo feems

to enter the texture of ftony cryftals, al-

though, by age and exficcation, this is gene-

rally expelled. The foaming of the zeolith

in the fire is owing to moifture going off in

the form of vapour, and no doubt it is a
fmaller quantity of this that occafions the

lelfer ebullition in the fehoerl, fhill lefs in

the garnet, while there occurs none at all

in the gems.

The petrofilices alfo contain filiceous,

argillaceous, and calcareous earth, intimate-

ly united.

On the other hand we may fhew the pro-

grefs of gems, through the mountain cryf-

tals to the pure flints. The clearefl cryf-

tals of quartz, which come from Jetland,

^reated with f of rnineral alkali (§ v.)

afterwards
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afterwards yielded to acids 0,06 of clay, and
0,01 of calcareous earth 5 fo that the fame
principles are found as before. If any one
fufpedts that the whole of the infoluble

refiduum, by fucceffive preparation with al-

kali, might in like manner be refolved into

argillaceous and calcareous earth, I can in-

form him that I have made the attempt in.

vain.

§ VIII. Of the Diamond.

As the diamond is confelTedly the chief

of the gems, commonly fo called, I have in

the preceding pages only mentioned fuch
circumflances concerning it as ferve to

evince that it differs effentially from the

reft : I am far from being able to illuftrate

this difference further by a perfedt analyf s,

yet it may not perhaps be altogether ufelefs

to mention fo much as I have been able to

difcover. This operation is extremely dif-

ficult, partly on account of the extravagant

price, which is required for fuch quanti-

ties as are neceffary to make experiments

which can be relied on, partly on account
of the nature of the ftone itfelf :—in or-

der therefore to fmooth the way, by re-

moving obftacles, for thofe whom curiofity

may invite to the examination of this gem,
and whom circumflances permit to proceed

more eafily than I have been able to do, I

fhall relate fuch circumflances as I have dif-

covered.

I 2 The
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The diamond differs from the ruby and
the other gems (as has been faid before) by
a degree ofhardnefs unknown in any other

production of nature, and particularly by its

fugacity in a moderate heat (fuch as is fuffi-

cient to melt filver) cr rather by its flow de-

flagration ;
for when made completely of a

white heat it not only fenfibly diminifh.es in

bulk, but is furrounded by a little flame or

cloud : but, fo far as I know, the cubic or

fchoerl-formed diamonds have not yet been

duly expofed to fire ; fo that it remains to

be difcovered experimentally whether thofc

alfo entirely fly off, and if not they mufl: lofe

the name of diamonds.

The diamond, urged by a very intenfe

heat, contracts a fort of foot upon its fur-

face.

We now proceed to examine its habits

with refpeCl to menflrua.

(a) The powder fit for thefe experi-

ments is to be had by rubbing two dia-

monds, entirely deprived of their external

covering, againfl; one another (for it is yet

doubtful whether the cortical part be en-

tirely of the fame nature with the nucleus).

Such a pulverization requires larger dia-

monds than it was in my power to procure

upon this occafion, I was therefore obliged

to content myfelf with the examination of

the powder which is for fale. It is reported

of the diamond, that it yields a powder

nearly black ; which is certainly true of the

7
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powder that is fold ; but this colour is not

to be confidered as natural, as the blacknefs

can be eaiily extracted by acids, the particles

remaining white ;
fo that the colour muft

be owing either to the infcruments employ-
ed, or to the cortical part of the done. Yet

it may happen that black diamonds, which
cannot be converted to other ufes, may be

pulverized ; and no doubt in this cafe the

colour will be more fixed.

(s) This powder, when well depurated

by aqua regia, eludes the force of other

acids
^

yet with the vitriolic acid it exhibits

a curious phasnomenon. This menftruum,
poured upon the powder, and evaporated to

a fmall quantity, grows black, and depofits

black pellicles, which it is very difficult to

dry ; thefe pellicles take fire upon the ap-

proach of flame, and are almoft entirely con-

fumed, at lead they leave fo minute a re*

fiduum that the nature of it could not be

examined. It is a queflion whether this is

the vefiige of a footy matter : I could not

obferve the fmoke of phlogifiicated vitriolic

acid proceeding from the fire.

(c) I treated the depurated powder with
three times its quantity of mineral alkali,

in the manner above defcribed (§ v.) : after

remaining three hours in the fire the pow-
der did not ffiew a fenfible cohefion

; how-
over I extradted the foluble part by marine
acid, and then attempted a precipitation

with vegetable alkali j and in fad a light,

1 3 whitifh.
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whitifh, fpongy, fubftance was thrown
down, which diffolved in all the mineral

acids, but with the vitriolic produced nei-

ther fpathum ponderofum, nor gypfum,
nor Epfom fait, nor perfedt alum } it con-

creted indeed into cryftals, but of an irre-

gular form, eafily foluble in water, which
liquefied by the blow-pipe, and were then

abforbed by the charcoal } they were of an

acid yet aullere tafte.

(d) I again treated the undilTolved pow-
der mentioned in c with double its quan-

tity of mineral alkali ; this concreted into

a firm mafs, from whence it appeared that

its nature was at length fenfibly changed.

I elixated with marine acid, and by means
of vegetable alkali precipitated a portion of

earth fimilar to that obtained in the former

operation j but the infoluble refiduum ftill

floated on microcofmic fait and borax in

fufion, as related in § ii. A very fmall

portion of it entered the mineral alkali

with effervefcence, but was no further dif-

folved ; befides, the quantity was too fmall

to be fubjedled to further experiment.

(f) Thefe experiments, although they

fhew that the analyfis of the diamond is

difficult, fliew alfo that it is not impoffible.

That there is prefent a portion of filiceous

earth, but very clofely united to the other

principles, feems to be indicated by the

flow adtion of the alkali : the precipitates

fliew that there is an earth foluble in acids,

the



OF THE EARTH OF GEMS. >19

the nature of which remains to be difco-

vered. by employing a larger quantity. The
deflagration, the foot, and the black pellicles,

fhew the prefence of an inflammable matter,

unlefs we rather fuppofe them owing to he-

terogeneous matters adhering to the powder
for ^le.

(g) As the microcofmic fait feems to

dillblve fomewhat of the diamond by long

fufion upon charcoal, I put feveral globules

much loaded with it into diftilled water,

hoping that if it contained any, this, united

with the phofphoric acid, would be diffolved

in the water, and might then be feparated

by fixed alkali : nor was I entirely difap-

pointed j the globules fell to pieces, the in-

foluble part of the powder fell to the bot-

tom, the reft was diftblved by the water,

and again feparated by an alkali, but it fell

very fparingly and flowly.

Thefe circumftances will perhaps give

fome light to thole who are in poffeftion of

a larger quantity of adamantine materials, by
which they may be enabled to complete the

analyfis of this precious ftone, which, on
account of its clearnefs, its hardnefs, and
fplendor, is fo much valued ; although by a

gentle heat it is totally convertible into va-

pour in the fpace of a few hours ; while

the ruby and the other gems fuftain the

fame operation without damage.

D I S S E R-



DISSERTATION XVT

O F

THE EARTH OF THE
I

TURMALIN STONE.

§ I-

T H E eleftrical virtue of this earth

has been the admiration of philofo-

phers, during the •whole of the prefent cen-

tury ; and many years fince 1 attempted to

reduce its peculiar eifedls to conftant laws :

but no one, fo far as I know, has yet un-
d.ertaken the analylis of thefe Rones, being

prevented by their fcarcity and dearnefs.

My illuftrious friend Born removed this ob-

flacle for me, by fending me, in 1778, a par-

cel which was got at Tyrol, and at the fame
time requeuing me to inveRigate their pri-

mary principles. Some time after, that ac-

compliflied



I2IOF THE EARTH, &C.

compliflied botanift, Mr. Thunberg, de-

inonftrator in the garden at Upfal, on his

return from Java and Japan, kindly brought

me fome turmalins, which he himfelf had

got in Ceylon, rude, and unchanged by art.

I have therefore been fortunate enough,

through the kindnefs of thefe gentlemen, to

be able to compare the form and compofi-

tion of thefe the rareft production of the

mineral kingdom, produced in the moft

diftant quarters of the world. In this place

I fhall only confider thofe circumftances

which illuftrate the external form, the in-

ternal ftruClure, and the component parts 5

deferring to another opportunity the con-

fideration of their eleCtric virtues, which

fhall be conlidered by themfelves.

§ II. Vijible ^alkies of the Turmalin Stone.

Heretofore the turmalins were brought

either from Ceylon or America, and no one

fo much as fufpeCted that fuch were to be

found in Europe ; but two years fince, that

indefatigable examinator of the Tyrol moun-
tains, Mr. Muller, difcovered cryftals of this

kind, at Zillerthal, far fuperior, both in

beauty and magnitude, to any that had been

ever brought, either from Alia or America ;

therefore we may conlider them as fepa-

rated into three clalTes, according to the

places where they are found j and we lhall
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begin with thofe of the new world, which
differ in certain properties from the reft.

(a) The turmalin of Brazil is frequently

fomewhat heavier than the others, being,

with refpeft to diftilied water, from 3,075
to 3,180 : they differ in colour ; and I have
feen them blue, red, and of a pellucid yel-

low, but generally they are green.

! When rough they are of a columnar
form, more or lefs regular ; but frequent-

ly are of a trigonal form, confifling of nine

fides, as has been already defcribed and de-

lineated. The apices are often deficient,

and their frafture is glaffy ; but fometimes,

if preferved and examined, they are found
low, and compofed of three planes, as is

explained in the Tradt on the Formation of

Cryftals (§ 11. e, and tab. i. fig. 3.)

The prifms, expofed laterally to the light,

are almoft always pellucid ; but when viewed

in the diredlion of the axis a wonderful opa-

city prevails, and that even in the tranfverfe

feftion, although it be very thin : whether

this holds with refpedt to the thinnefl lami-

na is not yet eftablifhed ; perhaps this, like

the following, when fufiiciently diminifhed

in thicknefs, will tranfmit the rays of light.

They yield in hardnefs to the quartz, and

even to the other turmalins
;

yet they cut

glafs, and flrike fire (though not eafily) with

Heel.

(b) The turmalin of Ceylon varies a little

in fpecific gravity between 3,062 and 3,295 ;

thefe
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thefe feldom come to Europe unwrought : I

was therefore much pleafed to get thole which
I mentioned. The columns of three of them
were whole, about three lines in length,

and two in breadth : three of the lides are

broad, feparated by a pair very narrow, fo

that at fird: they appear trigonal ; two of

thefe prifms have apices, the folid angles of

which are very obtufe, and formed of three

irregular pentagons. All thefe circumllan-

ces agree perfectly with what has been faid

in A, of the turmalin of Brazil, and are made
abundantly evident by tab. i. fig. 3. but

the prifms are found furrowed longitudi-

nally, a circumftance which plainly points

out that other fpiculs had cryftallized at

the fame time, and in contadl with them.

Marks of this kind frequently appear upon
the furface of cryftals ; and the longitudi-

nal furrows above mentioned are very com-
mon, particularly in the fchoerls and tur-

malins of Brazil.

The colour of the cryftals is brown, and
not unfrequently almoft black ; but fome-
times more dilute, always however more or

lefs inclined to yellow ; which may be more
eafily obferved by placing the column tranf-

verfely between a ftrong light and the eye.

A tranfverfe fedtion, half a line in thick-

nefs, ftill appears opake, when expofed to

the day-light, although the flame of a candle

renders it femi-tranfparent and brown ; but

when
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when made thinner, fo far as A of a line,

it becomes pervious to the day-light.

I have alfo got fhapelefs pieces of nearly

the bulk of a walnut, their fubtile parts

fpathaceous, black, and opake 3 in thefe the

eledlrical power is much weaker.

They nearly agree in hardnefs with quartz.

The eledbrical property of thefe ftones

feems to be unknown in Ceylon ; and al-

though, beyond doubt, the name turmalin

is a word of the Ceylon language, yet,

under the fame name. Dr. Thunberg got

ftones of various colours, and various gene-

ra, of which, among eight varieties, not one

acquired the eledlric quality by heat, altho’

I frequently made the experiment. Dr.
Thunberg alfo informed me, that, in the ge-

nuine language of the country, the word fig-

nifies black cryftals ; that they are little

efteemed, and are pounded and formed into

globules to ferve the purpofe of buttons.

(c) The turmalin of Tyrol has been fo

exadtly defcribed by the learned difcoverer,

with refpedt to external appearance, that

nothing can be added ; but, for the fake of

comparifon, it will be proper to repeat the

principal circumftances.

The fpecific gravity is 3,050, that is lefs

than any of the preceding.

The cryftals are fometimes three inches

in length, and exceed five lines in diameter,

partly loofely difperfed among, partly firm-

ly united to, a fteatite, mixed with particles

of
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of mica, not unlike the olla Jetlandica. What
the matrix of the other turmalins may be, is

yet unknown j but that of the Tyrol tur-

malin form either veins or nuclei in granite.]

The figure is prifmatic, confifting of nine

fides, fometimes terminated by three penta-

gons like that of Ceylon, but in general the

apices are wanting : fometimes, however,

though very feldom, the pyramids are found

very much acuminated, with nine fides j

therefore, in general, all the known turma-
lins agree in form ; but, fo far as I know,
the complete fchoerl form (tab. i. fig. i.)

has not yet been feen among them by any
one

;
— a form which, even among the

fchoerls themfelves, is extremely rare.

Such of the Tyrol cryftals as I have exa-

mined are without the longitudinal fuici ;

but the furface, when accurately examined,

fiiews a flight afperity, owing perhaps to

the fpicular form of the furrounding ma-
trix; but the tranfverfe chinks, generally ob-
fcure, are found in thefe and the preceding,

as well as in the fchoerls.

The colour occafioned by reflex light is

footy, or of a browniih black, but that by
refradted light of an obfcure yellow ; a thin

tranfverfe fedlion appears opake, but when
the thicknefs is fulficiently diminiflied, it

at length tranfmits green rays, as the cele-

brated Muller firfl; obferved, and as I have
myfelf feen, the account is true. The
Ceylon and Tyrol turmalin therefore agree

in
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in this, that by extreme tenuity a paffage is

made for the light j but they differ with re-

ipedt to the rays, which are tranfmitted.

(d) Many years fince I obferved that a

variety of the fchoerl, black, opake, of a

complete figure, which came from Umaean
Lapland, by a due degree of heat acquired

eledtrical properties. Upon multiplying ex^
periments I found the fame thing to take

place in feveral fchoerls of Sweden, both
uonagonal and fpicular, of very irregular

forms—thefe were all totally opake j and
heretofore I have not obferved that proper-

ty to take place in any that was pellucid.--

How this eledlricity may be excited, and its

nature explored, I defer to another place,

where this matter fhall be exprefsly con-

fidered.

§ III. Habits of the ’Turmalin expofed to the

Blow-pipe,

(a) a fmall piece, the fize of a grain of

muflard, expofed upon charcoal to the apex

of the flame, quickly grows red, and that

without any decrepitation or other vifible

change : but if the adtion of the flame is

continued for fome minutes, it foon grows

white, foams almofl like borax, and, upon
continuing the fire, is reduced to a globule

;

a larger piece fufes with difficulty, but

yields an inflated fpongy white fcoria.

10 This
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This is the cafe with the turmalin of

Tyrol and Ceylon when cryftallized ; but the

black and fhapelels pieces fwell but little,

and the marks of fcorification which appear

on the furface are brown, not white ; that

of Brazil cannot be formed into a globule,

but exhibits a pulfulous fcoria.

(b) The microcofmic fait, fufed upon the

charcoal, attacks a fmall quantity of turma-

lin with a flight effervefcence, which is yet

foon at an end ; and there remains a fmall

corpufcule, almofl; tranfparent, and there-

fore fcarce perceptible, until after the glo-

bule grows cold : this reflduum is diflblved

with great difficulty, but the reft of the vi-

treous mafs furrounding it is found clear and

tranfparent, which grows green on a farther

addition while hot, and milky on cooling,

chiefly occafloned by the undiflTolved par-

ticles. All the varieties in this refpedt are

the fame, except that the black and opake

occafion a brown colour.

(c) Borax takes up the turmalin almoft

in the fame way, but generates heat more dif-

tinftly, and dilfolves the ftone more power-
fully, fo that it hardly contracfts a perfedt

opacity, except the black turmalin, which
added in fmall quantity changes the tranf-

parency to a yellow brown, but in larger

quantity to a black opacity.

(d) Mineral alkali takes up the turmalin

in fufion with effervefcence, but a lefs con-

fpicuous one than that
.
excited by quartz t

when
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when a fmall portion of the fhone is added, it

is broken down into a powder, but is imper-

feftly diffolved : the black opake turmalin

makes the globule brown.

(e) The turmalin approaches next to tho

fchoerl in the habit juft defcribed ; the lat-

ter is, however, more completely dilTolved,

and with more evident ebullition, by the

microcofmic fait, and alfo effervefces more
vehemently with mineral alkali.

§ IV. Habitudes of the Tourmalin with Acids,

(a) Three times the weight of concen-

trated vitriolic acid, poured on loo lb. of

fubtile powder of turmalin, feparated by elu-

triation, and expofed to diftillation in a fmall

retort until the bottom of the glafs grows

red hot, yields a refiduum, which being

boiled in diftilled water, collefled, dried,

and weighed, is found to have lofl about

1 6 lb. The three known varieties are, in

this refped, fcarce found to differ a pound
or two.

The water which has extracted the folu-

ble part, with a lixivium of burned blood

yields Pruffian blue j and, the iron being

thus precipitated, on addition of fixed al-

kali a white powder is thrown down,

which, with vitriolic acid, forms gypfum ;

which may again be decompofed by acid of

fugar : the acid has therefore been only

loaded with iron and lime.

The
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The acid colledled in the receiver is

found to be purely vitriolic.

The elixated reiiduum, examined by the

blow-pipe, fwells and Ihews almoft the fame

habits as the crude turmalin.

(b) The nitrous and marine acids alfo

extradt iron and lime j but in other refpedls

have no greater cffedt than the vitriolic, for

the refiduum ftill remains compound ; the

furface therefore is not fufEciently encreafed

by the mechanical pulverization, fo that the

menftrua may be able to feparate the com-
ponent parts : however, the method which
I followed in decompofing the gems fuc-

ceeds in this cafe extremely well.

§ V. Proximate Principles of Turmalin,

(a) I treated a very fubtile powder of

turmalin in the fame manner as the gems,
with this difference, that I employed an
equal quantity of mineral alkali, fponta-

neoufly calcined, and kept the mafs ignited

only for an hour and a half.

(b) Upon cooling, the mixture is found
Golliquated, its furface convex, tuberculated,

of the colour of wax, but internally fpon-

gy, and of a green colour, which is of a

deeper hue, as it approaches the bottom, to

which it adheres. The mafs, when fuffi-

ciently loofened, is covered at the bottom
with a black cruft, which is carefully fepa-

rated and weighed.
VoL. II. K (c) The



130 OF THE EARTH OF

(c) The reft of the procefs was conduct-

ed as defcribed on the Earth of Gems, f

and N ; it would therefore be fuperfluous

to defcribe it again. Thefe operations yield-

ed the following concluftons concerning

the quality and proportions of the confti-

tuent parts in an aftay hundred ; viz.

The turmalin of Tyrol.

argillaceous earth - - 42
filiceous earth - - 40
calcareous earth - - 12

iron - _ _ _ 6

Turmalin of Ceylon.

argillaceous earth - “39
filiceous earth - - - 37
calcareous earth - “ ^5
iron - _ _ _ q

Turmalin of Brazil,

argillaceous earth - ” 5°
filiceous earth - - “34
calcareous earth - - 1

1

iron - - - - ^

(d) By argillaceous and filiceous earths,

I here underftand thofe earths freed from
all heterogeneous matter ; but the calcareous

earth appears to be nearly faturated with

aerial acid, as otherwife a greater defeCt is

obferved than can be fuppofed in an accurate

operation. That no effervefcence takes place

with acids is ealily accounted for, when we
,

confider
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confider that only a very minute portion of

calcareous earth adheres fo very clofely to

the other conftituent parts, that it has fuffi-

cient hardnefs to ftrike fire with fteel : the

iron is dephlogifticated, and the crude tur-

malin does not Ihew the leaft fign of de-

tonation with nitre.

As to the proportions of the conftituent

principles, I have fet down fuch as experi-

ments fuggefted ; but it is necelTary to take

the medium of a number of experiments,

as nature does not obferve fo exadt a propor-

tion in the admixture of the principles of

bodies, but that fometimes there may be

fome hundredths too much or too little j

befides, a feries of operations (notwith-

ftanding the greateft polTible accuracy) will

fometimes add a little weight, or fome-
times diminifti, which is particularly fen-

fible when very fmall quantities are ufed.

Thus, in the prefent inftance, I have not

yet been able to fubjedl to experiment

more than a few aftay pounds ; in thefe

experiments I conftantly found the fame
ingredients, but the proportion of them
required fome corredtion. The difference

of habits difcovered by the blow-pipe ma-
nifefted fome difference between the Tyrol
and Ceylon turmalin } but whether the

above proportions be exadt, remains further

to be examined.

(f) That water enters the compofition

may be gathered from their undergoing the

K 2 fam.®
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fame ebullition in fufion as the zeolith does,

which certainly contains water ; but the

quantity of matter to be examined only per-

mitted me to make one trial with this view.

I kept 100 lb. of Tyrol turmalin grofsly

powdered for half an hour in an obfcure red

heat ; but upon cooling found no difference

in weight, nor did I expedt any, as a white

heat is neceffary to fufion : I therefore en-

creafed the fire to a fufficient degree, but

the fragments of turmalin were agglutinated

to the crucible, nay, had entered into a fort

of union with it ; I therefore made the ex-

periment in another, which was tedious and

troublefome :— I took 25 affay pounds of

fragments of turmalin, each of which I fe-

parately reduced to white fcorise by the

blow-pipe, but I did not find that the

weight was fenfibly diminifhed ; a proof

that there is either no water at all, or only a

very fmall quantity.

§ VI. ^he Place belonging to the Purmalin in

a Syjiem of Mineralogy,

Being acquainted with the nature and

proportion of the earthy principles which
enter into the compofition of the turmalin,

we cannot hefitate to place it among the ar-

gillaceous fpecies, fince the chief part of it

is conftituted by this earth, which, even

when it is prefent in fmaller proportion,

communicates
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communicates its peculiar properties to the

whole mafs.

In the gems we find the fame principles,

and clay in greater proportion than any other

earth : the turmalin can fcarce be referred

to this clafs, becaufe its ftrudture is fo much
loofer.

The phenomena it exhibits, when treat-

ed with the blow-pipe, approach nearly to

thofe of zeolith ; but of this filiceous earth

conllitutes the principal part : and the con-
ftituent principles cohere fo weakly that

acids are capable of extrailing them with-
out any previous treatment with fixed alka-

li, and the heat of diftillation of expelling

moft of the water. It is more clofely allied

to fchoerl ; for the turmalin not only

refembles this in the form of its cryftals,

and the phaenomena it prefents, both with
heat and folvents, but alfo fometimes in

being eleftrical, a property which fhall be

particularly examined in the fequel it how-
ever differs in containing more filiceous

earth, and fome other circumftances before

noticed (§ III. e).



DISSERTATION XVIL

O F

THE FULMINATING

CALX OF GOLD.

§ I. Hijiorical IntroduSiion.

Although the wonderful fulmi-

nating property of gold was known
at leaf!; in the 15th century, it has not

yet been examined by philofophers fo as

to determine with certainty the caufe of

the prodigious noife and ftupendous ex-

plofive force
;
yet in this explofion there

occur phaenomena highly worthy of at-

tention—phasnomena which not only in-

dicate very fingular properties, but are of

fuch
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fuch a kind that the caufes of them, well

underflood, mufl certainly throw great light

upon the theory of chemiflry. The follow-

ing experiments, which are partly new, and

partly fuch as have been defcribed by others,

but carefully revifed and corredled, will I

hope tend to illuflrate the fubjedl. But be-

fore we enter upon them it will be proper

briefly to relate the attempts of others, who
have made this bufinefs their particular

fludy.

VVhether or not the ancient alchemifls

were acquainted with the fulminating pro-

perty of gold, we are ignorant ; their arcana

being involved in an enigmatic and obfcure

flile. Bafil Valentine is perhaps the firfl

who has clearly defcribed the method of

communicating this property to gold : he
directs the metal to be diffblved in aqua re-

gia made with fal ammoniac, and then pre-

cipitated by vegetable alkali, to be twelve

times wafhed with water, and finally dried

in the open air, where the fun’s rays cannot

reach the powder ; he forbids it to be dried

over a fire, as it explodes with a gentle heat,

and flies off with inconceivable violence ;

but he has not diftinguiflied this calx by any
peculiar name.

Many chemifls afterwards performed this

operation, but here and there we obferve

fome fmall difference.—O. Crollius calls it

aurum volatile^ and is fcarce willing to have

it dried, even though carefully, and in bal-

K 4 neo
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neo maris ; but above all forbids the ftirring

it with an iron fpatula. J. Beguin added

the epithet fulminating^ Vv^hich has been

hnce generally adopted j although we fome-

times meet with the terms fclopetans and

ceraunochryfon»

The neceffity of employing volatile alkali

in this operation was but little regarded un-

til the prefent century j for Hellot tells us,

from Groffe, that gold dilTolved in a mix-
ture of nitrous and marine acid, fulminates

better when the volatile is ufed than when
the vegetable fixed alkali is employed j but

that if the menftruum be made with fal

ammoniac, the latter precipitate is beft,

Zwelf calls the gold precipitated by fixed

alkali, without the fulminating property,

aurum mutum. Ettmuller and Hoffman
found that precipitated by volatile alkali al-

ways fulminating,

Becher found the fulminating powder,

when well wafhed, heavier than the gold

employed by f ; Lemery by-f; and Jungken
by 4 : it is doubtful whether Earner ever

made the experiment, as he affirms that in

order to produce the beft effed; it ffiould not

be v/alhed with water (compare § x). Many
alfo, after him, have thought that by boil-

ing in water the fulminating property is

dellroyed, or at leafi; diminilhed the cele-

brated Beaume Was the firfl who detefted

that error.

That
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That water loaded with fixed alkali when
boiling takes away all the explofive power,

is alTerted, if I miftake not, by all the mo-
derns, following the author of Homer’s
Golden Chain. Kunckel found this pro-

perty deftroyed by vitriolic acid. Rolfincius,

and others, contend that marine acid has

the fame effeft ; and Mr. Spielman extends

that faculty to all the acids, even to vine-

gar
:
yet Caflius relates that aurum fulmi-

nans exploded mofi; violently when marine
acid dulcified was diftilling from it. Bafil

Valentine attempted, not without fuccefs,

to fubdue the fulminating property by means
of fulphur.

A fingle fcruple of aurum fulminans ex-

plodes, as Croilius afierts, with more force

than half a pound of gun-powder, and pro-

pagates its adlion downwards ;
yet H. F.

Teykmeyer frequently fhewed in his ledlures

that it would throw a florin upwards above

fix ells ; and the fame effeft had been ob-
ferved by many others before him.

A great number of experiments were

made before the Royal Society at London,
in order to determine the comparative forces

of thefe two powders :—equal parts of gun-
powder and of aurum fulminans were in-

cluded in iron globes, which were placed

among burning coals 3 thofe which con-

tained the former were burfl: with violence,

while the other remained perfectly filent.

But if the globe containing the gun-powder
did
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did not exceed the bignefs of a pea, the

globe remained unhurt, although the con-

tents had been inflamed.

Many unfortunate accidents however
ihew that the greateil caution is necelTary

in handling aurum fulminans : Orfchal re-

lates, that this powder, ground in a jafper

mortar, had by its explofion burfl: the mor-
tar into a thoufand pieces : the celebrated

Dr. Lewis gives an inftance of the fame in

England ; nay. Dr. Birch tells us that by
an explofion of this kind doors and win-
dows had been violently torn to pieces

:

but Mr. Macquer gives a very melancholy

detail of a misfortune which happened in

his own prefence :—a perfon of 22 had put

feme aurum fulminans into a phial, but

unfortunately did not obferve that a few

particles adhered to the neck ; upon fiiutting

it therefore, as is ufual, by twifling the

glafs flopper, the few particles exploded

with fuch force as to throw the young man
among the furnaces of the laboratory, with

the lofs of both his eyes, occafioned by the

fplinters of the glafs.

The fentiments of chemifls concerning

the caufe of the fulmination differ very

much ; the opinions of thofe who fpeak in

words fo obfeure that it is fcarce poffible to

reduce them to fenfe, we fhall omit ; the

reft may be divided into four clafi'es, fome

aferibing it to an aerial, fome to a faline,

fome to a fulphureous principle, and finally,

there
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there are others who fuppofe it to depend

upon feveral of thefe united.

F. Hoffman attributes it to humidity and

an elaftic vapour dilated by heat ; but the

celebrated Dr. Black affirms it to be owing
to fixed air copioufly and fuddenly fet at li-

berty. A. Peterman aflerts this power to

depend upon the union of the folar princi-

ples with nitre j but others, and indeed the

moft of the moderns, fubftitute a fpecies of

nitre totally volatile, which is commonly
called nitriwi jiammans. Caffius fpeaks of

fulphureous particles of gold which are dif-

charged from the bond of falts, as being

fubftances of an oppofite nature, by means

of the fire ; and, upon getting loofe, give

as violent a concuffion to the air, as fulphur

and nitre in common gun-powder but very

lately M. Beaume propofes as the caufe, a ni-

trous fulphur deflagrating violently; andfup-

ports this opinion with many fpecious argu-

ments. Notwithflanding all thefe explana-

tions, many philofophers are ftill of opinion,

that the phaenomenon is not yet accounted

for : fuch are Boerhaave, Macquer, Spiel-

man, and others.

If in our days a certain fragor vibergenfis

were neceffary, a very violent one might be

beft obtained by means of this calx of gold ;

for no fubftance hitherto known explodes

with a louder noife. Dr. Lewis compares
the report occafioned by gun-powder to

the found of a long and lax cord ; and that

of
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of aurum fulminans, to that of a fhort and
tenfe one. But in mines it cannot be fub-

ftituted for gun-powder, as, when it is clofe

fhut up, it is reduced without noife or vio-

lence, as we have feen before ; befides, this

powder muft be fired by heat, and not by

celebrated Stahl fays, that aurum
fulminans, treated with fulphur, as here-

after defcribed, is ufed as a pigment by
goldfmiths and enamellers. Doflie men-
tions this as a valuable fecret.

Formerly, three or four grains of this

powder were given as a diaphoretic of ex-

traordinary power, as we are told by Crol-

lius and Beguin. Rolfincius relates an ex-

ample of its cathartic virtue ; his words are

thefe, lllujlris regies Sueciccs militice generalis

Pannerius (doubtlefs Banner') gravijjimo co-

lico dolore infejlatus, clyjleribus aliquot oji-

cium non facientibus, habuit melius^ commota

alvoy ajfumptis auri fulminantis granis 6 in

cochleari plena 'vini Mahatici,

§ II. Preparation ofAurum Fulminans^

This powder may be prepared in two dif-

ferent ways ; for either the gold is difiblved

in a menftruum compofed of nitrous acid

and fal ammoniac, and the folution preci-

pitated by a fixed alkali, or the folution

is performed by aqua regis made without

fal ammoniac (which may be done in va-

rious

fparks.

The
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rious ways) and the precipitation effect-

ed by volatile alkali. Aqua regis without

fal ammoniac may be prepared by mere

mixture of nitrous and marine acid, or by
nitre diflblved in marine acid j or, finally,

by fea-falt diffolved in nitrous acid. It is

obvious, that inftead of nitre or fea-falt,

other falts containing thefe acids may be

employed. Menjlruum Jine Jirepitu was a

name formerly given to a liquor confifting

of a little water with nitre, fea-falt, and

alum, in which gold-leaf was diffolved by
triture j in this cafe the acid of the alum
expels the other acids, v/hich therefore, by
their union, form common aqua regia.

By whatever method the gold be dif-

folved and precipitated (provided the vola-

tile alkali is prefent, either in the menftru-

um or the precipitant) a yellow precipitate

is obtained, which, when well wafhed in

water, and cautioufly dried, is commonly
called aurum fulminans. The weight of the

calx, well wafhed and dried, exceeds that of

the gold employed, by about 4*

The diffolved gold is more readily pre-

cipitated by volatile than by fixed alkali.

§ III. Properties of the fulminating Calx

of Gold.

The phenomenon which has chiefly ren-

dered this powder famous, and has given

occafion to the name, is the prodigious noife

occafioned
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occafioned by the explofion of a few grains

expofed to heat in a metal fpoon, either

over a candle, coals, or a red hot iron j or

by any other means fufficiently heated.

How this phaenomenon takes place, we
diall fee hereafter.

(a) a degree of heat between 120° and

300°, the degrees at which the nitrous and
vitriolic acids boil, is fufficient for this pur-

pofe j but whether the folar rays, without
concentration, can produce the fame effed:, as

fome perfons alTert, I have not yet been able

to determine ; but am inclined to doubt of

their poffeffing fuch efficacy, unlefs the au-

rum fulminans be extremely well prepared ;

but if the mafs be infpeded juft as it is

about to explode, in the very inftant pre-

ceding the explofion no other change is ob-

ferved than its colour verging to black, up-
on which it inftantly is difperfed with an

obfcure flalh, and a wonderfully acute found :

the fame effedt is obferved whether the

powder be furrounded by common air, or

aerial acid.

(b) By fimple triture, or percuffion alone,

this powder is inflamed, and explodes with
great violence, whence melancholy acci-

dents have fometimes happened ; but every

fort of aurum fulminans is not fufceptible

of explofion by thefe means. By boiling in

pure water, or (which is better) in an alka-

line lixivium, or (which is beft of all) by a

due degree of calcination, it is rendered fo

5 prone
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prone to inflammation, that by the eledric

fpark, nay often by the fmalleft agitation

with a piece of paper, it explodes ; the

common aurum fulminans is alfo exploded

by the electrical fhock.

(c) A portion weighing from lo to 12

grains of aurum fulminans, exploded on a

metal plate, perforates and lacerates it ; a

fmaller quantity forms a cavity in the plate ;

and a ftill fmaller only fcratches the fur-

face ; an effect which is never produced by
gun-powder, though in much larger quan-

tity.

(d) a weight laid upon the powder is

thrown upwards in the moment of explo-

lion ; and if it be of filver, it is found

gilded with a yellowifh fpot. In the fame

way is marked the fupport, if it be made of

filver or copper.

Befldes, a large grain, advanced near to the

fide of the flame of a candle, blows it out

with violent noife ; and a few ounces ex-

ploding together, by incautious drying, has

been known to fhatter the doors and win-
dows of the apartment : hence it is evi-

dent, that aurum fulminans exerts its force

in all directions ; yet it cannot be denied,

that it ftrikes bodies with which it is in

contact more violently than thofe which are

at a fmall diftance, though in its vicinity :

thus, if a fmall portion of it explodes in a

paper box, it lacerates only the bottom,

unlefs the top be prelTed down clofe, in

which
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which cafe it perforates both the top and
bottom.

(e) When carefully and gradually explod-

ed in a glafs phial or a paper box, it leaves a

purple foot, in which are found many par-

ticles of £hining gold ; nay, if the quanti-

ty exploded be large, feveral grains remain

totally unchanged ; for it is only the ftra-

tum next to the heat which is inflamed,

as may be fhewn by an eafy experiment,

namely, if the fulmination be performed
over a large furface of burning coals ; for in

that cafe a number of decrepitations will be

heard, occafioned by grains of the aurum
fulminans difperfed in a perfect Hate by the

' exploflon of the inferior ftrata.

(f) When moifl;, it does not explode all

at once, but each grain, in order as it be-

comes dry, decrepitates in a manner flmilar

to common fait.

(g) In glafs veflels clofed, or with their

mouths immerfed in water to prevent break-

ing, a moderate quantity explodes indeed,

but with a very weak noife, fo as fcarcely to

be perceived ; but in the moment of explo-

fion, an elaflic fluid breaks forth, which,

when cool, occupies about feven inches, if

half a drachm of the powder has been ufed :

this air extinguifhes flame, deflroys animal

life, rejeds pure water, and does not even

precipitate that which contains lime in fo-

lution.

(h) In
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(h) In metallic veilels of fufficient

llirength and perfedfly clofed, auruin ful-

minans, expofed to heat, is reduced filently,

and without any marks of violence : if the

accefs of air be only partially prevented, the

metallic velTels are more violently adled up-
on ; but if they are of fufhcient ftrength,

and very fmall chinks afford vent to the air,

the fmoke indeed penetrates through, but

gently, and without burfting, as I twice

experienced in about half a fcruple of this

calx, with which I filled a brafs rofe, and

ftopped the aperture with a flrong fcrew

;

for in this cafe the v^apour made its way
through the pores with a hiffing noife.

§ IV. Means by which thefulminating Pro-
perty ?nay be defrayed.

This may be effected by various methods,

and that even without additament.

(a) For inftance, by fire alone, flowly

and caution fly increafed : let a degree of heat

at firfl be employed near to that which ufu-

ally occafions the explofion ; this mufl; im-
mediately be flackened a little, and thus al-

ternately be increafed and diminifhed : up-

on continuing this operation a long time,

the aurum fulminans gradually becomes ca-,

pable of refifting a fire more and more in*-

tenfe, ar length grows of an obicure black,

and lofes all its fulminating properties :

this experiment requires confiderable pa-

VoL. II. L tience j
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tience ; for, unlefs the fire be fkilfully re-

gulated, and the fmallefi; agitation and fric-

tion avoided, the pov/der explodes at once

with its ufual vehemence, and flies off in

the form of vapour.

(b) This efled; is more commodioufly
obtained by the addition of a dry fubflance

of any fort, provided it be well pulverized,

and intimately mixed with the aurum ful-

minans by trituration, fo that the particles

of the latter may be feparated as much as

poffible ; for this being done (which may
be eafily tried with fmall portions) the mix-
ture may fafely be expofed to the fire.

Sulphur has been long ufed for this pur-

pofe in the following way let powder of

fulphur be mixed with an equal weight, or

half its weight, of aurum fulminans, then

melted for a fhort tim.e with a gentle heat

without fmoke, after this with evaporation,

and, finally, burned with deflagration this

is done much more eafily by putting the mix-
ture by degrees into a crucible previoufly fo

heated, that the fulphur will flame upon
touching it ; for in this cafe, although a few
grains decrepitate, they are not difperfed.

This may be effefted with ftill greater eafe,

by adding the aurum fulminans gradually to

the fulphur in fufion.

The falts, either alkaline or middle, are

fufficient for this purpofe, and are ufed with

great advantage, becaufe they may be after-

wards feparated by ablution.

5 This



CALX OF GOLD. 147

This operation fucceeds alfo with the

earths, nay, with concentrated vitriolic acid,

and other liquors, as we fliall afterwards fee

(§ VIII. and ix). In a word, aurum fulmi-

nans is deprived of its fulminating proper-

ty, if expofed to a degree of heat fufficient

to caufe the explofion, if at the fame time

the fulmination be prevented by any means
whatever, even by external force.

§ V. Chief Opinions concerning the Caufe

of the Explofon.

Various explanations of this explolive

property are to be found among chemifts j

fome of v/hich, being delivered in an unin-

telligible manner, we may properly pafs

over, and confider the others as dillributed

into four claffes •, for philofophers have
thought, that this wonderful phenomenon
might be attributed to a faline, a fulphu-

reous, or an aerial principle, or, finally, to

many of thefe jointly
;

yet fome there are,

who with juftice confider all the explana-

tions hitherto given as infufficient.

§ VI. Different Opinions concerning the

Caufet fiippofed to befaline.

Thofe who attribute the fulmination to

a faline principle, do not yet agree with re-

gard to the fpecies of fait.

L 2 (a) Some
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(a) Some confider the falited fixed al-

kali (which is called fal digeflivus) adhering

to the calx, and decrepitating in the heat,

as the caufe of this phsenomenon ; but thefe

gentlemen do not confider, that this fait is

neither prefen t nor regenerated, when the

gold difiblved in nitrous acid, containing

fal ammoniac, or in a mixture of nitrous and

marine acids, is precipitated by volatile al-

kali ; and, befides, if the latter of thefe fo-

lutions be precipitated by fixed alkali, the

precipitate is not fulminating, though the

digeftive fait in this cafe is prefent.

(b) Others have recourfe to common ni-

tre, which is known to detonate with phlo-

gifton : but here the fame difficulties oc-

cur, for neither is nitre always prefent in

the preparation of aurum fuiminans, nor,

when it is prefent, is the calx always found

fulminating ; befides, this fait does not de-

tonate with the calx of gold, but on the

contrary (by the method defcribed § iv.)

ferves to reduce it.

(c) The nitre, called nitrum flammans,

feems to be very different in its nature ; this

fait confifts of nitrous acid faturated with vo-

latile alkali ; and, from what has been already

faid, the prefence of this fubflance in aurum
fuiminans is obvious ; befides, it pofTeffes the

property of detonating, without the addition

of phlogifton j and, befides, we are told by

authors, that the vitriolic acid and fixed al-

kali deftroy the fulminating property ; the

2 former
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former becaufe it is more powerful than the

nitrous acid, and the latter becaufe it ex-

pels the volatile alkali. This opinion there-

fore carries with it an appearance of pro-

bability, and almoft all the moderns have

embraced it. In order however to acquire

a certain knowledge of this matter, if pof-

fible, I inftituted a number of experiments,

the chief of which I ihall now relate,

§ VII. Fixed Alkali does not defiroy
the fiul-

minatmg Property by the Via humida.

The fixed alkali does indeed deprive gold

of its fulminating power, by fire, as de-

fcribed in § iv. but in that cafe it adts in

no other way than any other matter inter-

pofed between the particles : but whether it

adted in virtue of its alkaline quality, was
tried in another way.

(a) Six parts of alkali of tartar were
therefore well triturated in a glafs, with one
of the calx, and a few drops of water. This
being done, a little more water was poured
on, and all the liquor evaporated in a digefl-

ing heat. During this operation no veftige

of urinous fmell could be perceived : the

mixture, when dried, and freed from the fa-

line parts by ablution, not only fulminated,

but with a noife far greater than qfual.

(b) The fame experiment was made in

another way ; namely, one part of aurum
L 3 fulminans
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fulminans was boiled for half an hour in

200 of cauftic lixivium ; but its power
was rather increafed than dimini fhed by this

:

water was added, to prevent the lixivium

from acquiring too great a degree of heat,

which would of itfelf deftroy the fulminat-

ing property (§ iv.)

One circumftance I {hall remark, t/2?.

that no difference of efficacy was obferved,

whether the calx was precipitated from its

menftruum quickly or flowly.

§ VIII. Whether Acids dejiroy the ful-
minating Property.

As vitriolic acid requires near thrice a

greater degree of heat to make it boil than

pure water, it is no way furprizing that

boiling in this acid fhould deftroy the ful-

minating quality, as before obferved : but, in

order to determine whether that was the

true and only caufe, the acid was fo far di-

luted v/ith diftilled water, that it could not

fuftain too high a degree of heat, and the

aurum fulminans boiled in it for half an

hour, when, after being well edulcorated, it

exploded as ufual: nor does it, when tritu-

rated and digefted with the ftrongefl: vitrio-

lic acid, lofe any of its power, but by boil-

ing many particles acquired the metallic

fplendor of gold.

(b) The marine and nitrous acids, when
boiling violently, poffefs a greater degree of

heat
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heat than boiling water, but inferior to that

which is neceffary for fulmination ; hence it

happens, that the latter of thefe fluids not

only fails of deftroying the fulminating pow-
er, but the precipitate, while wet with this,

decrepitates in the fame way as if penetrat-

ed by water.

(c) But the marine acid diffolves this

calx more eafily, and upon evaporation al-

moft always reduces a part ; for this men-
llruum naturally contains phlogifton, which,

by means of fuperior attraction, it is obliged

to yield to other bodies : but the folution

itfelf, precipitated by fixed alkali, yields a

calciform and fulminating gold. Whatever
is not diffolved by digeftion, when well

edulcorated feems to have loft fcarcely any

thing.

(d) Upon adding vinegar, and diftilling

to drynefs, the fulminating power is found

to be deftroyed : this however is only to be

underftood of the refiduum, either not edul-

corated, or reduced by means of heat.

§ IX. The fulminating Property may be com-

municated to Gold, without the Intervention

ofnitrous Acid.

In order to difcover whether the nitrous

acid be altogether neceftary •, and alfo how
the procefs would fucceed without the ma-
rine acid, the following experiments were
undertaken.

L 4 (a) a
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(a) a calx of gold (not fulminating)

boiled in vitriolic acid a little diluted,

yielded a yellow folution, for the precipita-

tion of which a large quantity of cauftic

volatile alkali was neceffary : the precipi-

tate was fmall, but, alter being edulcorated,

fulminated by heat.

(b) Another portion, boiled in nitrous

acid perfectly freed from marine acid by
means of filver, yielded, though not without

boiling violently, a red folution, of the fame

colour as that of platina in aqua regia : this,

upon the fimple addition of water, let fall

a calx, which, digefted with cauftic vola-

tile alkali edulcorated and dried, exploded

in the heat in the fame way as gold precipi-

tated from the nitrous acid by cauftic vo-

latile alkali, when wafhed and dried.

(c) Of all acids the muriatic heft dif-

folves the inert calx of gold ; even without
heat it diftblves it readily : a folution of this

kind was precipitated by volatile alkali, as

before, and the fediment, when wafhed and
dried, fulminated as ufual.

§ X. Fulmination is not effedied by a

Nitrum Flammans^

In order the better to underftand the de-

tonating property of the nitrum flammans,
let a portion of it be put into a cold glafs,

then let the heat be railed as quick as pof-

fible.
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fible, yet no detonation enfues, but the fait

is refolved into vapour, and flies ofl ; let the

glafs be hot at find:, and the fait will liquefy,

but not detonate j
but if it fall upon an

ignited glafs, it kindles and deflagrates, with

a noife and a yellow flame : it is in vain

therefore to afliign this fait as the caufe of

the fulmination.—Befides,

(a) The found of this detonation is not

at all correfpondent to that occafioned by
fulmination ; but let us fuppofe it to be en-

creafed by the weight of the fuperincumbent

particles of gold, which prevent it from
breaking forth, until the tendency to ex-

plofion, increafing more and rnore, becomes

at length able to remove the obftaclp : but

Ample detonation, unimpeded, requires a

heat equal to ignition; when impeded it

fliould therefore require a greater degree :

now aururn fuiniinans requires a much
fmaller heat, therefore fome other caufe b^-

fides detonation mull: operate here.

(b) The precipitate of gold, which does

not fulminate, I have endeavoured to unite

by dry triture with nitrum flammans
; but

by this method could obtain nothing more
than a powder which crackled in the heat.

(c) As the fait is fo eaflly foluble in wa-
ter as readily to attract humidity from the

atmofphere, I thought that ( if prefent in au-

rum fulminans) it might be feparated by
boiling : one part of it was therefore boil-

ed with 600 of diftiiled Vv^ater for a whole
hour*
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hour, and after the interval of a day the

fame was boiled with 600 parts of frelh wa-
ter for the fame length of time, but in vain,

for the powder fulminated with as great

violence as before.—We may here obferve

the gradual efficacy of water ; thus, if gold

precipitated from the menftruum be not

edulcorated, it fcarcely fulminates at all ^ if

waffied a little with cold water it explodes

indeed, but with a very obtufe found, and a

diffufed flaffi ; but if it be waffied with a

large quantity of water, or with hot water,

it occalions an acute found and an obfcure

flaffi. The efficacy of the water, when
brought to this degree, is neither encreafed

nor diminiffied by boiling, as far as the ear

can judge, which we are obliged to trufl: to,

fo long as we are deftitute of a more accu-

rate meafure.

No one can wonder at the deflruilion of

the fulminating quality in Papin’s digefter,

upon confldering the degree of heat which it

there fuftains (§ iv).

(d) Gold difiblved in dephlogifticated ma-
rine acid, and precipitated by volatile alkali,

poflelTes the fulminating property, though
nitrous acid has never touched it. If any

one imagines that gold diflblved in aqua re-

gia can never (by the humid way) be per-

fedtly freed from nitrous acid, he mufl: at

leafl; confefs that that acid is altogether ab-

fent when dephlogifticated marine acid is

employed to diffolve the gold : this acid

contains



CALX OP GOLD. I55

contains a certain quantity of phlogifton,

which it is obliged to yield to manganefe,

and then becomes a yellow vapour, which
diffolves all metals, by taking from them
that quantity of phlogiftoh which v/ould

otherwife impede the folution ; and the acid

itfelf is thus reftored to its natural ftate, and
the combinations thus formed yield metallic

falts containing a perfect marine acid.

From all this we conclude, that, even

though the nitrum dammans were, v/hich it

is not, fufficient to explain the phasnomena,

yet it could not be admitted as the true and
efficient caufe.

§ XI. Volatile Alkali necejfary to the Fulmi^

nation.

(a) In order to difcover what the vola-

tile alkali contributed to this effeft, a non-
fulminating precipitate was digefted for

fome hours in cauftic volatile alkali, after-

wards edulcorated and dried : this fulmi-

nated perfectly.

(b) Left fome fufpicion ftiould remain, of

a remnant of the aqua regia adhering to the

precipitate, notwithftanding the edulcora-

tion, the experiment was repeated in this

way : after digeftion for 24 hours in vitrio-

lic acid, the precipitate was walked in pure
water, then immerfed in aqueous and fpi-

rituous folutions of alkali, both mild and
cauftic ; but the event was the fame.

(c) An
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(c) An inert calx of gold, by fimple di-

geftion in a folution of any fait containing

volatile alkali, whether the faturating acid

be vitriolic, nitrous, or marine, polfeffes

the fulminating property. The golden calx

is found increafed in weight about 0,2, and

the refidua of the ammoniacal folution con-

tain a fuperabundant acid : therefore the non-
fulminating calx of gold is capable of ab-

ilradting a certain quantity of volatile alkali

from the ammoiiiacal falts ; which portion

may again be feparated by diftilling the au-

fum fulminans well walhed with vitriolic

acid } for in the neck of the retort a vitrio-

lated volatile alkali is found fublimed.

(p) Finally, we fhould recolledt that

gold cannot receive the fulminating proper-

ty without volatile alkali (§11).

§ XII. Whether the Fulmination be effeBed

by a Sulphur.

Moll of the ancient chemifts, and not a

few of the moderns, fpeak of a certain folar

fulphur, nay, fome contend that gold is

wholly a fulphur j hence they derive the ef'?

fe«5ts produced in the prefent cafe, endea-

vouring to perfuac^e themfelves and others

that here the fame principles co-exilf as in

gun-powdet and pulvis fulminans, namely,

fulphur, nitre, and tartar. But opinions like

thefe, at once fubtile and obfcure, we fhall

leave involved in their own darknefs.

The
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The following obfervations will Ihew

that it is without reafon any fulphur is fuf-

pedled.

(a) Of late the fulmination has been at-

tributed to a nitrous fulphur, generated in

the precipitation, and adhering to the calx.

The wonderful fulminating property of this

calx is fuppofed to be fufficiently accounted

for by the detonation of nitre; but the pre-

fence of it in aurum fulminans has hitherto

been fought after in vain. As vitriolic ful-

phur may be diffolved in a cauific lixivium,

and precipitated by acids, it feems probable

from analogy that the fame property fhould

belong to nitrous fulphur; but upon boil-

ing in a cauftic lixivium (§ vii.) the fulmi-

nating power is found entire, and, upon the

addition of acids ter the lixivium, no par-

ticular fmell is obferved, and the gold is

precipitated, but in exceeding fmall quan-

tity.

(b) I have alfo employed vitriolic ether,

that mofl powerful menftruum of all in-

flammable bodies ; this, on digeftion for

fome days, begins to be tinged yellow, a

golden pellicle appears upon the furface of

the liquor, nay, a few grains of the calx ly-

ing at the bottom exhibit the fplendor of

gold ; upon evaporation to drynefs this fo^r

lution yields fplendid gold, not at all ful-

minating.

Gold feparated by ether from aqua regia,

deftitute of volatile alkali, when precipitated

by
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by volatile alkali fulminates but is totally

void of that property, when thrown down
by fixed alkali.

(c) Common fulphur is not foluble in

fpirit of wine, unlefs when both thefe fub-

ftances meet in the form of vapour ; but we
could not thence venture to conclude the

fame of nitrous fulphur : I therefore digeft-

ed aurum fulminans for eight days in recti-

fied fpirit of wine, but neither was the li-

quor tinged, nor did any thing remain on
evaporation, nor was the calx found to be
changed.

It is worthy of obfervation, that the non-
fulminating calx of gold, upon digelHon for

a few days in rectified fpirit of wine, grows
black, and acquires a fulminating property,

but weak, and fcarcely fimultaneous.

§ XIII. Whether the Fulminatlon he occajioned

by Aerial Acid.

That fubftance which enters into the

compofition ofcertain bodies, which, though
very much refembling air, is fubftantially

different from it, has been called by modern
writers fixed air, although it really is a true

and difiinCl: acid : fome contend that this

forms the bond of union between the par-

ticles of bodies, and in that ftate is fixed,

and deprived of its elafticity ; and that when
a conliderable quantity of this recovers its

elafticity at once, it muft ftrike violently

upon
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upon the atmofpheric air, thereby exciting

undulations, and confequently a found,

which is various according to circumfiances.

They think, that in the prefent cafe the

gold in folution lofes its fixed air, which it

again recovers in ftill greater quantity during

the precipitation, as the calx is found encreaf-

ed in weight ^— the precipitate being then ex-

pofed to fire, this aerial matter is fuddenly

forced to quit the calx, notwithflanding the

weight of the particles of gold ; by means
of which, however, the eruption being im-
peded, is made far more violent ; hence the

extraordinary noife.—The following obfer-

vations will fhew clearly that in this in-

ftance the fixed air does not adl in this cafe.

(a) The elaftic fluid which may be col-

ledled during the fulmination, is not ab-

forbed by water, nor does it precipitate lime

from that fluid (§ iii. c).

(b) Gold precipitated by mild fixed al-

kali, does not fulminate, unlefs the men-
ftruum contains volatile alkali.

(c) Gold precipitated by cauftic as well

as mild volatile alkali, fulminates.

(d) Gold in its precipitation rejedts the

aerial acid.

§ XIV. 'Phcenomenon of Fulmination

explained.

From what has been faid it is plain that

the vitriolic and marine acids are no lefs fa-

vourable
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vourable to fulniination. than the nitrous

(§ IX.) yet that neither of thefe is otherwife

neceflary than as diifolving and attenuating

the metal (§ xi.) j and finally, that no ful-

mination takes place without volatile alkali

(§ XI.) : the queftion therefore is, how
the volatile alkali adts in this cafe ? To this

queftion I ftiall endeavour to give the heft

anfwer which experience has pointed out.

(a) From the very nature of the thing it

is plain that fo great a report, and fo violent

an explofion, could not happen but by
means of the copious and inftantaneous

eruption of fome elaftic fluid violently ftrik-

ing the common air ; and that this is the cafe

in the fulmination we have already obferved

(§ III. g) ; but, for the better underhand-

ing this operation, it is neceflfary to conli-

der the conftituent parts of aurum fulmi-

nans, namely, the volatile alkali and the calx

of gold.

(b) It cannot be doubted that volatile alkali

always contains phlogifton : to pafs over

other proofs, it may be fufficient to mention

its detonation with nitre. Now this phlogif-

ton may be feparated by means of a fuperior

• attradtion ; fo that the volatile alkali is de-

compofed, and the refiduum diflipated in the

form of an elaftic fluid altogether fimilar

to that which is extricated during the ful-

mination : the fource then from whence the

elaftic fluid is derived is obvious j it re-

mains



C A L X 6 F G O L D. l6i

mains to examine the medium by which
the volatile alkali is dephlogifticated;

(c) In thofe metals which are called per-

fedl, fo great is the firmnefs of texture, and
fo clofe the connedtion of the earthy prin-

ciple with the phlogifton, that by means of
fire alone thefe principles cannot be difu-

nited ; but when dilTolved by acid menftrua,

they mull neceflarily lofe a portion of their

phlogifton, and therefore, when afterwards

precipitated by alkalis, which cannot fupply

the lofs, they fall down in a calcined ftate :

they however attradt phlogifton fo forcibly

that they can be again reduced to a metallic

ftate without additament, merely by an in-

tenfe heat penetrating the vefl'els. Gold
therefore is calcined by folution

; and this

may be laid down as a fundamental pofition,

being exprefly treated of, and, if I miftake

not, undeniably demonftrated, in another

place.

(d) Let the powder, now confifting of

calx of gold and volatile alkali intimately

united, be expofed to an heat gradually in^

creafing, and let us examine what will be

the confequence the calx, which is united

with the volatile alkali, by the aftiftance of a

gentle heat feizes its phlogifton, and when
this is taken away the reliduum of the fait

is inftantaneoufly expanded into the form of

an elaftic fluid, which is performed with fo

much violence, that the air muft yield a very

acute found. The calx may indeed be re-

VoL. II, M duced
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duced by means of a very intenfe heat alone

;

in v^hich procefs the heat is decompofed, and

yields its phlogifton to the calx, upon which
the other principle, the pure air, is fet at li-

berty. But in the prefent inftance a fmaller

degree of heat feems to be neceflary than

when the volatile alkali is abfent ^ hence we
may impute the redudlion chiefly to it, al-

though it can fcarcely be denied that fome
particles are reduced by the heat alone.

This we collect from the obfcure flafh ; for

light, fo far as experiment has yet fhewn, is

nothing more than the matter of heat, with a

fuperabundance of phlogiflon : a part there-

fore of the calx being reduced by the phlo-

gifton of the heat, the pure air- (the other

ingredient) is fet at liberty, and attacks the

fuperfluous volatile alkali (which is now
hot) and is fo loaded v/ith the phlogiflon of

the alkali that it exhibits the appearance of

light t for this cannot be attributed to the

furrounding air, as the phenomenon takes

place even in aerial acid. But that the vo-

latile alkali can in this way produce a flafli,

is evidently fliewn by another 'experiment :

for if this fait be thrown into an hot cru-

cible, it infl:antly exhibits a flafh.—The
volatile alkali, in its ordinary temperar-

ture, does not yield its phlogifton to pure

air ; but that principle, being of itfelf very

fugitive, upon the accefs of heat is much
more eafily fet at liberty, and unites with

the pure air.

A Angle
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A lingle cubic inch of gun-powder ge-

nerates about 244 of elaftic fluid, but the

fame quantity of aurum fulminans yields at

leafl four times as much^ and hence we
may eaflly underftand the difference in their

exploflve force.

The above explanation of the report,

founded upon the knowledge of the compo-
fition of heat, and of aurum fulminans,

feems abundantly fatisfaCtory, but fome
phaenomena ftill remain not fufflciently ac-

counted for.

That careful calcination fliould deflroy

the fulminating property, is not to be won-
dered at (§ IV. a), as the volatile alkali is

the indifpenfable material caufe (§ xi.) ; but

the peculiar alacrity which it acquires be-

fore the exploflve force is totally extinguifli-

ed, depends upon the nature of the mate-

rials, and of the operation. Thus the heat,

when inferior to that necelTary for fulmina-

tion, a6ts upon both the principles of the

aurum fulminans, it prepares the metallic

calx for a more violent attradiion for phlo-

giflon ; it alfo aCts upon the phlogiflon of

the volatile alkali, and loofens its connec-

tion : thefe two circumftances mufl; tend to

the union producing the exploflon. But
this effect has a maximum, and at this pe-

riod the flightefl; friCtion fupplies the de-

fed of neceffary heat, and produces the ful-

mination. The calcined gold alfo feems to

colled and fix the matter of beat, though
M 2 fliU
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ftill infufficient, by means of its phlogiftoH;,

in a certain degree ; fo that, by means of

fridtion, though but very flight, it becomes

capable of exerting its force : but when the

heating is often repeated without producing

its effedt, the volatile alkali is by degrees

diflipated, and at length fo much diminilh-

ed that the calx becomes inert. That this

diflipation is promoted by enlarging the fur-

face is evident, and this explains the mode
of adtion of the heterogeneous particles in-

terpofed between thofe of the calx (§ iv. b).

But if aurum fulminans is capable of pro-

ducing fuch a prodigious quantity of elallic

fluid, how does it happen that it remains

mute and inert when reduced in clofe vef-

fels ? This I take to be the reafon—every

elaflic fluid in the adt of breaking forth re-

quires a fpace to expand in^ if this be want-

ing it remains fixed, as has been already de-

monflrated : taking this for granted, a calx

of gold cannot be reduced in clofe veflels

either by heat or by the phlogiflon of

volatile alkali ; for in either cafe it muft
evolve its elaftic fluid, which by fuppofition

it cannot do. Nothing remains to folvethis

difficulty but the ignition of the furround-

ing metal, by means of which the calx, in

virtue of its fuperior attradtion, feizes the

phlogiflon of the metal, which that^fub-

ilance, here as well as in other inflan ces, is

capable of lofing without the eruption or

abforption of any fluid whatever.

Whether
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Whether this explanation be fatisfa<flory

or not I leave to the decifion of the ju-

dicious.

(e) The ftories told us by authors of the

fulminating property of certain metals, par-

ticularly copper and filver, have not, I con-
fefs, been verified by my experiments ; fo

they have either been filent upon fome cir-

cumftances necefiary in the operation, or

perhaps have been deceived by the deto-

nation of nitrum flammans, or fome other

accidental occurrence. It is not fufiicient

for the volatile alkali to adhere to the

precipitate ; for platina thrown down by
this alkali retains a portion of the alkali

very obftinately, but yet does not fulminate

on expofure to fire. Befides the prefence of
volatile alkali, it feems to be necelTary that

the metallic calx Ihould be reducible by a

gentle heat, in order to decompofe it ; but
every explofion is not to be derived from the

fame caufes ; nay, in this refpedt aurum ful-

minans, gun-powder, and pulvis fulminans,

differ very much, though they agree in fe-

veral particulars.

M 3 D I S S E R.



DISSERTATION XVIII.

O F

' P L A T I N A.

§ I. IntroduBion.

D SCHEFFER was the firfl: who

^ properly examined the new metal

which was lately found in America, and

brought to us under the name of platina.

In. the year 1752 he inveftigated its proper-

ties, and demonftrated that in perfection it

approached to gold, and therefore gave it the

name of white gold : after him many expe-

rienced cheraifts, with laudable induftry,

have laboured in the accurate examination

of this fubftance ; fo that we may fay with

juftice, that there are few of the metals,

though known and ufed for eighteen cen-

turies and upwards, which have undergone

fo accurate ai> inveftigation, by means of the

moft
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mo ft acute experiments ; notwithftanding

this, however, many circumftances occur to

an enquirer Vv^hich are ftill obfcure, and not
fufficiently elucidated by experiment, and
hence have arifen many diftenfions. Some
of thefe points I hope I ftiall be able to

elucidate, efpecially as I am in polTeffion of
a futficient quantity of platina, by the gene-
roftty of the Baron Claudius Alftromer, who
had brought it with him upon his return

from Spain,

§ II. Flatina precipitated by Means of
vegetable Alkali,

This new metal, diftblved in aqua regia,

exhibits, upon precipitation, many peculiar

properties worthy of accurate examination.

—We fhall begin by the precipitate occa-f.

fioned by vegetable alkali.

(a) Aqua regis, compofed of nitrous and
marine acid, attacks platina, exhibiting a

folution at firft yellow, but which whien

further loaded grows red, and the colour

grows the deeper as the folution is more
loaded with the metal. Upon evaporation

cryftals are produced, of a deep red colour,

frequently opake, but fometimes pellucid,

in general very fmall, irregular, and refem^

bling angular grains, the real form of which
I have not yet been able to difcover,

(b) Thefe cryftals, wafhed and well

dried, require far more water than gypfum
M 4, does
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does to diffolve them by boiling. The folu-

tion is yellow, and feparates fome pale floc^

culi, which are probably martial : vege^

table alkali does not difturb the folution,

nay, the cauftic lixivium of this alkali, when
hot, does not diffolve the cryftals, or at lead;

attacks them very faintly, even although a

digefting heat be applied, and the liquor

evaporated to drynefs. By this method the

colour of the cryftals is a little weakened,

the aerated mineral alkali diftblved in water

takes them up and grows yellow, yet it re-

mains clear, and in many hours does nqt

depofit any thing, but by evaporating to

drynefs it decompofes them.
(c) The folution (a) upon the addition

of a little vegetable alkali, either aerated or

cauftic, immediately, or at leaft in a few
minutes, depoftts fmall ponderous red cryf-

tals, of a different nature from thofe men-
tioned in B ; thefe are fometimes diftindlly

odlaedral, and foluble in water j they are de-

compofed with difficulty by the mineral, but

are not changed by the vegetable alkali.

But if the alkaline fait be added in larger

quantity, the' fuperfluous acid being fatu-

rated, there is Separated a yellow fpongy
powder infoluble in water, which exhibits

a calx of platina.

The clear folution (a) reduced fo far by
evaporation, that the remaining liquor con-
fifted only of a few drops, upon the addi-

tion of the alkali exhibited the fame phae-

nomeuc^
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nomena as mentioned above, except that the

cryflalline powder was of a deeper yellow.

(d) Inftead of the vegetable alkali, let the

fame, faturated with an acid, either vitrio-

lic, nitrous, marine, or acetous, be employ-

ed ;
neverthelefs, the red cryflalline mole-

cules appear ; but by this method the whole

of the platina cannot be feparated, as in the

foregoing paragraph (c)

;

for thefolution re-

tains a deep yellow colour, however abun-

dantly thefe falts be added, nor does any

genuine calx of platina fall, except upon
the addition of an alkali ; for which pur-

pofe either the mineral or vegetable will

ferve.

(e) I took the fame weight of platina as

in A, and tried it with an equal bulk of

menftruum, confiding wholly of nitrous

acid i to which was added of common fait

I

four times the weight of the metal : this

I

nitrous acid was taken out of the fame bot-

tle as in A ; in a digefting heat all the pla-

tina was difihlved ; the folution was red,

but more dilute than that in a ; a yellow

powder floated on the furface, but at the

bottom a larger quantity of the fame was
found.

The clear folution, upon the addition of
the fmalleft quantity of vegetable alkali, de-

pofited a copious yellow powder, which yet

was foluble in a fufficient quantity of water.

The neutral falts, with a vegetable alkaline

bafe, alfo precipitated a fimilar powder more
flowly
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flowly and more cryflalline 3 but the mine-
ral alkali, though employed in fifty times

the quantity of the vegetable alkali, does

not at all difiiurb the folution, the abundant
acid not being yet faturated.

The powder colledfed at the bottom was
totally foluble in water, and in its proper-

ties agrees with the cryftalline powder fpon-

taneoufly feparated in b, but is of a yellow

colour.

(f) I repeated the experiment with the

fame quantities, but inllead of the nitrous

acid and fea-falt, I ufed the marine acid

and nitre, well depurated. In this experi-

ment the platina yielded a folution of a

golden colour, together with a greenilh

powder, mofily granulated, the more fub-

tile part of which floated on the furface.

The clear folution did not depofit any
thing upon the addition of vegetable alkali,

until all the fuperfluous acid was faturated,

but then yielded a metallic calx infoluble

in water.

The green powder is wholly foluble in a

fufficient quantity of water, and agrees, as to

its properties, with the cryftalline powder
occafioned by the vegetable alkali in c

and D

.

(g) Platina precipitated from aqua regia

by a fuflicient quantity of mineral alkali,

well walhed, and dilfolved in marine acid,

upon the addition of vegetable alkali imme-
diately lets fall a cryftalline powder ^

which
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Is alfo the cafe with nitre and other neutral

falts, whofe bails is the vegetable alkali. I

employed the additaments, efpecially the

neutral, dry, or at lead; well faturated folu-

tions.

•(h) The cafe is the fame with calx of

platina diifolved in vitriolic acid.

(i) The precipitate of platina is taken up
alfo in the fame way by nitrous acid freed

from all admixture of the marine ^ but this

pitrous folution exhibits different properties

with the vegetable alkali from thofe of the

muriatic folution in g ; for I could not ob-
tain a diilind; faline precipitate, without the

addition of marine acid.

(k) That which I have now affirmed of

the calx of platina, is alfo true of the pre-

cipitate occaiioned by vegetable alkali, after

the depoiition of the faline powder (c).

(l) Upon comparing thefe experiments

it will readily appear, i ft. That the pre-

cipitate which is iirft thrown down, on the

addition of vegetable alkali to folutions of
platina, is a faline fubftance, and different

from the calx of this metal (c) : 2d, That
this faline precipitate is compofed of cal-

cined platina, marine acid, and vegetable al-

kali (d E F G and i)
;

3d, That by means
of vitriolic acid a precipitate analogous to

this may be obtained, compofed of calcined

nlatina and vegetable alkali, joined to vitrio-

lic acid (h) : 4th, That the whole folution

of platina cannot be precipitated in the form

of
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of a triple fait by the vegetable alkali, either

difengaged, or otherv/ife ; but that a deter-

mined limit takes place, upon palling which

it yields a metallic calx in the ufual way,

like other metals.

§ III. Platina precipitated by Means of the

Mineral Alkali.

The moft celebrated chemifh of the age,

Mr. Margraaf, denies that a folution of pla-

tina can be precipitated by mineral alkali,

which Dr. Lewis confirms on repeating the

experiment. Now, as none of the metals

adhere to acids with fo much force as to

refufe quitting them on the addition of

mineral alkali, platina would form a very

fingular exception ; I therefore thought this

circumftance worthy of particular examina-

tion.

(a) I tried the common folution of pla-

tina with a folution of mineral alkali ; each

drop, on falling in, excited a violent effer-

vefcence, but no precipitate appeared. I

flill continued, however, to drop in the al-

kali, and at length the folution began to

grow turbid, and a fpongy yellow powder
was precipitated, confifling of a genuine calx

of platina,

I afterwards effefted the fame more
quickly, by employing the mineral alkali

dry, aiid fpontaneoufly calcined.

(b) In
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(b) In order the better to determine the

different efficacies of the fixed alkalis, I di-

vided a folution of platina, as yet very acid,

into two equal parts ;
to one of them I ad-

ded fmall portions of the vegetable, and to

the other an equal weight of pieces of mi-
neral alkali : between the addition of every

two pieces I waited five minutes, till the

effervefcence had ceafed. After the third

addition, I obferved fmall cryftals appearing

in the firfi;, partly on the furface, partly on
the bottom ; while at the fame time no fe-

paration of calcined platina appeared in the

latter, until after the addition of fifty-fix

times the quantity of the vegetable alkali ;

the difference was, however, ftill greater

than at firfi; appears from this experiment ;

for the vegetable alkali was cryftailized, and
therefore charged with the water neceffary

to its cryftalline form ; whereas the mine-
ral alkali was fpontaneoufly calcined j and
although in equal weights of thefe two alka-

lis, the pure alkaline parts are as 3 to 2, yet

3 parts of vegetable alkali faturated only

1,71 of this aqua regia, while 2 of the mi-
neral alkali took up about 2,6.

A difference fo great as this, together

with the then undifcovered faline nature

of the precipitate firfi; thrown down by the

vegetable alkali, undoubtedly contributed to

deceive thefe experienced and defervedly ad-
mired chemifts ; a circumftance which is by
no means wonderful.

(c) In
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(c) In refpedt of precipitation, thereforef^

the mineral alkali fuifers no impeachment^

but rather the vegetable exhibits a very

lingular habitude with regard to diffolved

platina, which it does not po/Tefs with any

other metal,

§ IV. Platinct precipitated by Means of
volatile Alkali.

Dr. Lewis was the fird: who Ihewed that

platina may be precipitated by fal ammo-
niac j this is a fingular phsenomenon, which
we Ihould by no means exped: from a neu-

tral fait, and which I have never yet feen

explained.—The following obfervations are

intended to illuftrate this procefs.

(a) The volatile alkali, whether mild or

cauftic, precipitates platina in the fame way
as defcribed § ii. c ; at fird; it throws down
the metal in a faline form j and, although

the grains be fmall, yet they are of a cryf-

talline lhape j which upon examination is

fometimes found to be difiiindly odaedral.

Their colour varies according to the in-

tenfity of the folution j when red, it de-

pofits red cryftals ; and when more dilute,

no other than yellow. After the fuper-

abundant acid has been faturated, the fame

alkali precipitates the platina truly cal-

cined.

(b) The faline precipitate, though flowly

taken up by water, yet if the quantity of

water
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water be fufRcient is totally difTolved, and

may by evaporation be reduced to more
regular cryftals.

The mineral alkali diffolves thefe cryf-

tals ; but fcarcely any figns of decompoli-

tion appear, unlefs the yellow folution, eva-

porated to drynefs, be again dilTolved in

water ; for then the metallic calx refts at

the bottom, and the folution wants the yel-

low colour. The vegetable alkali has fcarce-

ly any effedt in this way, for after repeated

exficcation, the folution remains clear and
yellow j but here it appears very probable,

that this alkali takes the place of the vo-

latile, for in larger quantities, and efpecial-

ly when the cauftic vegetable alkali is em-
ployed, the expullion of the volatile alkali

is in fome degree manifeft by the fmelL

(c) The volatile alkali, faturated with any

acid, throws down a hmilar faline precipi-

tate, at lead; it produces the effedt, whether
it bejoined with vitriolic, nitrous, or marine

acids j but thefe neutral falts precipitate

only a determined quantity of platina ; for,

after the ceffation of their effedt, the re-

maining liquor, upon the addition of vege-

table or volatile alkali, lets fall a pure
calx.

(d) The calx of platina, precipitated by
mineral alkali, and then diflblved in any
fimple acid, as vitriolic, nitrous, or marine,

exhibits nearly the fame phcenomena with

2 volatile
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volatile alkali, whether difengaged or othef°

wife, as it does with the vegetable alkali.

(e) Upon confidering thefe experiments,

therefore, we may conclude, that platina,

dilfolved in acids, forms at lirft, as well

with the volatile as with the vegetable al-

kali, a triple fait, which is difficultly folu-

ble, and therefore almofl always falls in the

manner of a precipitate, unlefs the quantity

of water be more abundant than ordinary.

§ V. Flatina precipitated by Means of
Lime.

(a) Lime, whether aerated or cauftic,

precipitates platina in the fame manner as

the mineral alkali dees, without any cryf-

talline appearance.

(b) Upon the conlideration of thefe phae-

nomena, there appears a fingular analogy

between the vegetable and volatile alkalis,

and between the mineral alkali and lime.

A like agreement takes place between thefe

fubftances in other inftances. I thall men-
tion one remarkable example :—alum, ex-

tracted from argillaceous matters, by means
of vitriolic acid, fometimes cannot, without

difficulty, be reduced to folid regular cryf*

tals ; but by the addition of a fmall quan-

tity of vegetable alkali this inconvenience

may be remedied, and the volatile alkali

produces the fame effeCt. It may be fuf-

io peCted,
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pefted, that this is owing to the abftradlion

of fuperabundant acid 3 but it cannot be

done either by mineral alkali or lime, both

of which are capable of faturating the acid 3

befides, not only the vegetable and volatile

alkalis affift the cryftallization of alum
when they are difengaged, but alfo when
united with acid> which makes the refem-

blance complete. The matrixes of alum
frequently contain the proper alkali, either

naturally combined with them, or fuperad^

ded in the roafting 3 and hence it is feldom

neceffary, in the preparation of alum, to pro-

mote the cryftallization by alkalis.

§ VI. T)ifficulty with which Platina isfufeii.

It is well eftablifhed, that of all known,

metals platina is the moft difficult of fu-

lion 3 for, in its perfect ftate, it is fcarcely

to be overcome, except in the focus of a

burning mirror 3 while mercury, on the

contrary, finds fufficient heat in the coldeffi

winter to preferve a fluid form 3 but not long

fince, the celebrated Delifle difcovered a me-
thod by which platina may be fufed even by

a common fire. Thus the precipitate ob-

tained by fal ammoniac, expofed without ,

additament to a mofi: violent degree of heat

in a blaft-furnace, yields a poliffied metallic

globule, which is fometimes fufficiently mal-

leab-le. I have repeated the experiment with

fuccefs 3 but in order to obtain the regulus"
^

VoL. II. N la
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in a malleable ftate, the quantity muft be

very fmall, and the heat very intenfe,

(a) I tried whether platina, precipitated

by fal ammoniac, could be fufed by the

blow-pipe. In order to make a fmall por-

tion remain on the charcoal, notwithftand-

ing a violent blaft, I added to it a little mi-

crocofmic fait in fuhon, and in a few mi-
nutes obtained a poliflaed globule, but fo

very fmall, that when beaten out it yielded

a circular plate of only one line in diameter.

I found means, by the addition of microcof-

mic fait, to reduce feven or eight of thefe

planes into one mafs, equal in bulk to the

head of a common pin ; and after beating

this out, I once reduced it again to a glo-

bular form, ftill preferving its malleability,

but could not fufe it again ; for, being im-
perfectly fufed, it broke under the ham-
mer.

Borax is fcarcely of any ufe in this opera-

tion, for it expands upon the coal together

with the precipitate.

(b) The faline precipitate thrown down
by volatile alkali, treated in the fame man-
ner, exhibits the fame properties as the fore-

going.

(c) I found fo great refemblance be-

tween the precipitate occafioned by the vo-

latile and by the vegetable alkali, that I

fhould have concluded, that in this ex-

|jeriment they would prove to be fimilar ^

but I have often had occafion to fee how

5 little
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little analogy is to be confided in
; I there-

fore made the experiment with the cryftals

obtained by vegetable alkali, and found my
conjedture to be juft.

(d) The cryftals obtained by fpontaneous

evaporation (§ ii. b) after completely drying,

when added to the microcofmic fait in fu-

fion, decrepitate more violently than thpfe

obtained by means of the alkaline fait (§ ii.

C; and IV. a). Somewhat, however, re-

mains in the fixed mafs, which is not un-

frequently reduced upon its furface, yielding

a pellicle of a filver colour ; but I have not

hitherto been able to reduce it to a globule*

Thus far I have advanced, namely, to ob-

tain the platina colledted together within

the fait, in a white mafs of an irregular

form ; but the particles of this fpongy
mafs were feparable by mechanical force*

This is the cafe with the calxes of platina,

by whatever alkali they are precipitated

(§iii. A; II. c ; and IV. a); therefore it

feems very probable, that the principle which
difpofes to fufion is fupplied by the vege-

table, and alfo by the volatile alkali.

§ VII. 'Properties of depurated Platina,

By the method now defcribed, I obtained

feveral very beautiful pieces of regulus ; they

were, it is true, exceeding fmall, but won-
derfully malleable ; and were freed from

iron by repeated fufion with microcofmic

N 2 fak.



fait, more completely than by any other

method hitherto known. It is proper to

obferve, that the crude platina was feledtedy

and repeatedly boiled in marine acid, until

the rnenftruum could not extradl any more
iron. By this procefs 0,05 were feparated,.

the remaining part of the iron being doubt-

lefs fo enveloped by the particles of platina

that the boiling acid cannot have accefs to

them. This platina, after wafhing, was dif-

folved in aqua regia freed from all iron,

and then precipitated by the pureft fal am-
moniac. I fhall therefore defcribe the qua-

lities of the regulus obtained from this pre-

cipitate.

(a) Its colour is that of the pureft filver.

(b) The very fmall globules are wonder-
fully malleablei but when many of thefe are

colledled together they can fcarcely be fo

perfectly fufed as to preferve the fame de-

gree of malleability.

(c) A magnet, though of great power,

does not aft upon them in the leaft, nor is

the moft delicate magnetic needle affefted

by them.

(d) They cannot be diffolved by any

fimple rnenftruum, except the dephlogifti-,

cated marine acid.

(e) Aqua regia, compofed of the acids

mixed, diftblves them, is yellow at firft,

and, when more faturated, red } on evapora-

tion the folution yields ftiapelefs cryftalline

grains, though I muft confefs, that in the
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place of thefe I have fometimes obtained

nothing more than a faline mafs.

(f) Their habits with alkalis, whether
difengaged or fatnrated with acids, are the

fame as above de-fcribed.

(g) The phlogifticated alkali, well fatu-

rated, and freed from the fmall portion of
Pruffian blue which it dilTolves, occafions

no precipitation, but the colour of the fo-

lution is rendered darker. This lixivium

therefore diffolves platina, as well as fome
ether metals. Not the fmalleft veftige of
Pruffian blue appears, which yet is evi-

dently feen upon the addition of a portion

of martial vitriol, amounting to only o,oor
of the platina contained in the folution,

although 0,00 1 of martial vitriol contains

only 0,00023 of iron.

§ VIII. Whether Flatina be a Metal diJlinB:

from all others.

Although many of the moderns give pla-

tina a place among the metals, yet there are

fome naturalifts of high reputation who
confider it as nothing more than a mixture
of gold and iron. We ffiall not here con-

hder the arguments on both fides, but reft

entirely upon the conclufions which follow

clearly from the preceding experiments.

(a) As to iron, there is no doubt of its

prefence in platina, as is evidently ffiewn

both by the magnet and the phlogifticated

N 3
lixivium ;
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Jixivium : but whoever examines the metals

accurately will find that they never occur in

a perfedlly pure ftate. Gold is contaminat-

ed more or lefs with filver, copper, or iron ;

filver with copper and arfenic j copper with

iron, and that generally in fuch a quantity

as to be difcernible, but fometimes in fuch

fmall portions as to be concealed ; nickel

contains cobalt j and foon. Let us now fup- *

pofe that native platina is never found with-

out iron / yet it does not follow from thence

that iron enters into it as one of its conftitu-

ent principles.

(b) This iron may be artificially feparat-

ed, or at lead; fo much diminished as not to

be in the fmalleft degree fenfible, either to

the magnet or the phlogifticated lixivium

(§ VII.) With what appearance of proba-

bility then can it be fajd, that in depurated

platina (which in 100,000 parts is fuppofed

to contain 99,977 of gold) the nature and
diftinguilhing properties can be fo change-

able as that a fmaller quantity than 0,00023
of iron (§vii. g.) fhall operate fo as to

conceal the properties of both the ingredi-

ents ?

(c) I have long wiflied to get a piece of

platina entirely crude, and unchanged by
art

;

for not only is iron fuppofed to be a

principle of this metal, but it is allerted to

be magnetic : it is known that grains of pla-

tina are found mixed with gold in the bowels

nf the earth, and that the gold is freed
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from them in iron mills by means of

mercury j may not the magnetifm therefore

be occafioned by the iron which adheres du-

ring this operation, as we know that iron

receives that property by percuffion and

other means ? behdes, a fuitable lituation,

long continued, alfo generates that quantity ;

and perhaps to this caufe may the magne-

tifm be owing, if it actually does take place

in crude platina •, if not, it muft be entirely

attributed to art.

In the year 1774 two Spaniards who had

come to Upfal, from America, prefented me

with two forts of platina, one of which had

been walhed with mercury, in order to fe-

parate the gold ; the other rude, which they

aiferted had never been expofed to amalga-

mation. This latter was to me a very ac-

ceptable prefent but my pleafure foon va-

nithed, for a few ounces of it, expofed to fire

in a glafs cucurbit, fent forth mercurial va-

pours, which formed into globules on the

neck of the veffel. As platina is mixed

with particles of gold, there is very little

probability that it ever comes to Europe

pure : it may happen alfo that it repeatedly

undergoes that operation, for even fuch as

is brought to Europe yields grains of gold .

when once deprived of the gold it is thrown

out 3 and this it moft probably is which,

after a feries of years, is confidered as pure.

N 4 D I S S E R-



dissertation XIX.

OF THE

WHITE ORES OF IRON,

9

§ I. An accurate Knowledge of Ores ne->

cejfary to the proper Treatment of them,

O U R omnipotent Creator has provided
for the ufe of man an inexhauRible

Rore of natural bodies, which are to be
found in the external covering of the globe;
fome of thefe we have accidentally learned
to employ to our advantage, others we have
been urged by neceffity to feek ; and by flow
degrees, and after many trials, we have dif-
covered the proper treatment of them ; but
the greatefl; number we Rill negledt as ufe-
lefs, being ignorant of their value.

It
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It is obvious, that in proportion as men
become more perfectly acquainted with the
virtues, qualities, and compoiition of bodies,

the more perfedlly and eafily will they be
able to apply them to their advantage and
convenience. Upon that particular, there-
fore, Ihould our chief care be employed, for

a proper acquaintance with the ftores of na-
ture will certainly be followed by the appli-
cation of them to ufe: neverthelefs, fo provi-
dent has nature been againfl human igno-
rance and doth, that the rudeft labour is not
without fignal advantage : thus in the darker
ages we find the richeft minerals ufed as tri-

butes, a circumftance which naturally fol-

lowed the difcovery of them
;

yet they
were not valued in proportion to their good-
nefs. When, by the experience of ages, the
various qualities of thefe bodies were dif-

covered, the foundation of metallurgy be-
gan to be laid ; and in proportion as the
fuperior fkill of men now enables them to

obtain more metal from poorer veins, na-
ture feems to have diminifhed the former
fuperabundance of thefe produdlions. The
chemical knowledge of the prefent times
would be too much enriched, if the former
abundance fubfifced

; and on the other hand,
the rude and undUlf^ul attempts of the firfl;

inventors would be entirely ufelefs, had they
been cramped by the fcarcity which is now
found to take place.

§ II.
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§ II. Phyfical ^alities of the white Ores

of Iron.

Thefe ores have received divers denomi-
nations, from the fingular heat with which
they are accompanied. In Germany they

are called fahlfein or fahlertz (as the iron

got from them could be changed into ex-

cellent fteel) as alfo weijfe, eifenfpat^ pfmtZy
and other names : in France they are call-

ed mines deferfpatiquey although it mud: be

confelfed that they are not always fpathous ;

and that moreover many which are of a

fpathous texture, and loaded with iron, do

not belong to this clafs.

(a) The texture of thefe minerals is ai-

med: the fame as that of the calcareous

ftone, yet it is rarely found compadt, and
compofed of impalpable particles it is

fometimes fquamous, fometimes granulat-

ed with fmall diflind: particles, fome of

them daining, but in general it is fpathous.

We do not fpeak of them here in their com-
plete and perfect d:ate ^ for the figure of

their parts is more or lefs defiroyed by
fpontaneous calcination, nay, the whole mafs

is at length refolved into a powder : fome-
times it is found ftalaftitic, fiftulous, and

famous, or even cellular, nay fometimes ger-

minating like mofs.

(b) They are fometimes, but very fel-

dom, fo hard as to drike fire with fteel j but

though
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though (when found mixed with flint, and
newly dug up) they are of this kind, yet

they foon lofe that property : in other re-

fped:s, when perfect, they generally refem-

ble calcareous flone, unlefs when expofed

to the air for fome time, by which the union
of their parts is gradually diminiflied.

(c) The colour is white, but the furface

which comes in contadl with the air grows
gradually brown, or even blackifli

;
yet fo

long as the iron, which is converted into an

ochre, remains in them, they have a ferru^

ginous hue ; but though the furface is thus

changed, the internal parts remain the fame,

and upon filing or breaking exhibit the

natural colour.

This change is effedied by the air, not

upon the iron, as is commonly believed, but
upon the white calx of the manganefe,

which is dephlogiflicated by the furround-

ing atmofphere ; a circumftance which it is

fufficient here to mention, as it will be more
accurately explained hereafter (§ vii. g).

(d) The fpecific gravity of the ore, when
perfefb, varies between 3,640 and 3,810, and
is diminiflied according to the degree of cal-
cination. That ore, whofe particles fcarce-

iy cohere, but are quite feparated, is from

2,5 to 2,9 ; but that which is not perfectly

corroded, from 3,3 to 3,6.

(e) The ore, whether perfedl or calcined,

is rarely attracted by the magnet, though

. the
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the martial part fometimes amounts to near-

ly half the weight.

§ III. Situation of thefe Ores in Mountains.

The white ores of iron are found, but

very fparingly, in Sweden : Suartberger,

(z. e. Black Mountain) near Schifshytta, in

Dalekarlia, has its name from its furface,

which is grown black by calcination. This

mountain is high, and naked upon the fum-
mit, which is croffed by a broad calcareous

vein, with fhining particles of fpar, and a

white ore of iron, together with galena,

pfeudo galena, and black ore of iron, py-
rites, fchoerl, and garnet intermixed. In the

old mines at Haellefors, or the eaftern

mines, the rock itfelf appears to conlifi; of a

v/hite ore of iron. It is fometimes found

alfo in other mountains, but generally either

in fmall quantity or very poor in metal.

Germany is rich in thefe ores : many
mountains about Smalkald contain them :

in that which is called Stahlberger a broad

vein, almofi; horizontal, occurs from twen-

ty-five to thirty fathom thick this confifts

of an irregular fpar, in which are difperfed

quartz, and pieces of the ore, which are

found of a better quality, in proportion as

they are m.ore deeply feated. The pendent

fide, which is uppermofl, is compofed of a

fandy ftone from nine to twenty fathom

high, but the lower, which is the founda-

tion.
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tion, is margaceous, and is found more in-
durated towards the lower parts, and at the
very lowefi: is extruded by a blue mica 3 the
lides fcarcely cohere to the vein.

In NaulTavia the whole mountain feems
to conlifi; of a yellowilh ore of iron, certain

veins of which are accompanied with cop-
per, others with htematites.

In Upper Stiria, at Eifenarg, is lituated

Arzberg, in circuit 6,000 fathoms, in dia-

meter 900, and in height 450 : it is de-
fcribed by fome as irregularly accumulated
and concreted, and as confiding of malfes of
quartz, charged with argillaceous earth and
white ore of iron j but others contend that

the ore is there found not only in heaps but
alfo in various veins.

France and Spain produce great quantities

of thefe ores.

The examples above cited feem to indi-
cate that the white ores of iron are found
fometimes in heaps, but that they alfo form
fometimes veins, fometimes drata, and
fometimes whole mountains. I have never
found that they contained ^ny organized
bodies, a mark by which the mod ancient
produdions of the earth have been didin-
guidied.

§ IV. Troperties of thefe Ores examined by

the Blow-Pipe.

Experiments, with this indrument, al-

though made upon fmall pieces, yet in ge-

10 neral
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neral fhew the nature of the fubftance exa-

mined with confiderable certainty, and point

out the method of treatment proper for

larger quantities ;
therefore it is that I am of

opinion we fhould begin our experiments in

that way.

(a) The white ore of iron, expofed to the

flame, at firfl: is apt to decrepitate, and that

the more violently, as it is of a more cryf-

talline texture ;
fo that that which is of a

denfe texture, and whofe particles are fcarce-

ly difcernible, decrepitates little or none : a

certain degree of fpontaneous calcination alfo

overpowers this decrepitating quality.

Another, and a more remarkable effedt

of the fire, is a fudden change of colour:

the whitenefs foon changes to a- brown,

which quickly gives place to a blacknefs,

which cannot be difcharged even by violent

and long-continued heat.

A piece of the ore, when blackened by

the fire, is always attrafted by the magnet,

although, as is frequently the cafe, it had

not been obedient to it before.

But the ore alone is not fufed without

great diiiiculty, though the fire be violent

and long continued. Upon fufion it again

eludes the force of the magnet.

(b) A fmall portion, added to a globule

of microcofmic fait in fufion, is diffolved

with more or lefs effervefcence, and imparts

an iron colour, that is, a greenifli or a yel-

lowilh



OF THE WHITE ORE'S OF IRON. I91

lowifh brown, which upon cooling grows
weak, and at length entirely vanilhes.

When the globule, after cooling, is again

foftened, not by the interior and blue cone
of flame, but by the exterior and lefs

defined part, a red colour is generated,

which alfo vanifhes upon cooling ; this is

made more diftindt by the addition of a fmall

piece of nitre, but upon cooling is weak-
ened. Fufion by the blue cone, continued

for fome time, extinguifhes the rednefs, fo

that the iron tinge appears : in this way the

red colour may be many times alternately

difcharged and renewed.

When the globule is fuperfaturated with
the fait, upon cooling it grows opake,

white or black, according to the different

quantities of the calx and the iron ^ and in

the latter cafe it fometimes pofTeffes a me-
tallic fplendor.

A variety in the proportion of the prin-

ciples occafions great changes in the phasno-

mena^—^thus the original effervefcence is

both more vifibls and more durable when
the calx abounds. When the iron is defi-

cient, its colour can fometimes fcarcely be

difcerned ; and when the quantity of man-
ganefe is very fmall, and that of iron large,

the rednefs fcarcely appears without the ad-

dition of the nitre.

(c) The white ore of iron is diflblved in

the fame manner by borax, viz. the effer-

vefcence
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vefcence is more or lefs confpicuous, accord-

ing to the quantity of calx.

The vitreous globule frequently acquires

an obfcure reddilh yellow colour, which yet,

upon the continued application of the blue

cone, is totally deftroyed, the martial tinge

remaining : but by nitre, or by foftening

alone, which is effeded by the exterior cone,

the hyacinthine colour above mentioned

again appears.—Thefe changes may be pro-

duced at pleafure.

By fuperfaturation the globule becomes

opake, black or white.

(d) The mineral alkali fufed in a filver

fpoon takes up the ore with an effervef-

cence more or lefs remarkable, yet divides

it but little, nor is the milky globule ren-

dered brown, unlefs by a larger addition,

and a longer continued fire, and then it

grows black.

(e) Thefe experiments fhew that the ore

contains lime fomewhat filiceous, iron, and

manganefe j and although thefe ores may
appear to many of little confequence, yet

they have difcovered to me a new metal,

which by other means could not be difco-

vered. The properties of manganefe, here-

after explained (§ vii.) will illuflrate this

affertion more fully.

§ V. Pro-'
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§ V. Properties of thefe Ores examined by

the Via Sicca.

(a) 1 00 parts finely powdered, and ex-

poled upon a tile to the fire, grow quick-

ly black, and become obedient to the mag-
aet

;

in this experiment fometimes red

fpots appear here and there, occafioned by
the admixture of pyrites. An heat of two
3r three hours occafions a lofs of weight

different according to the variety of the

are; the lofs is at the lealf 15, and at the

mofi; 40 affay pounds : by a longer continu-

mce of the heat the lofs is not iiicreafed,

aor does the black colour difappear, nor are

my figns of fufion to be obferved.

On calcination, no fmell is perceptible,

tinlefs there be an admixture of fome py-
ritous particles.

When the pieces are fiiffieiently roafted,;

md after cooling put into water, they often

generate heat, and form a fort of lime-

water.

(b) In order to learn the nature of the

fubftance expelled by fire, 100 of the pul-

verized ore was put into a fmall retort^ to

which was adapted a receiver, which by
i lateral tube condudled the elafiic fluid into

1 glafs velfel full of water, and inverted

;

Ehe fire was then gradually increafed, until

the bottom of the retort began to grow foftj

In the mean time a fmall quantity of liquor

VoL. II. O was
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was found in the retort, but In the inverted

glafs a large quantity of elaftic fluid.

The liquor in the receiver was found of

an aqueous nature, but for the moft part fo

fmall in bulk as fcarcely to be collefted,

feldom fo much as o,i, and never exceed-

ing 0,2. The ore, when perfedl: and eryflal-

lized, ufually yields a little more water than

when broken down by fpontaneous calcina-

tion, or when naturally denfer.

The elaftic fluid, when confined by mer-
cury, fometimes occupied 30 cubic inches,-

but was generally lefs : on examining, this

it was found to be moflly abforbed by wa-
ter, and to communicate to it a pungent aci-

dulous tafte, together with the property of

making the tindture of turnfole red. It pre-

cipitated lime-water, extinguifhed flame,

and deftroyed animal life : thefe proper-

ties fliew it to be the aerial acid; the por-

tion which remains and refufes to unite

with water, is common air, which doubtlefs

was at firfl; contained in the retort. When
the aerial acid is feparated by water, a fpe-

cies of deflagration takes place; yet it fliould

be obferved that inflammable air is almofl:

always abfent.

The black refiduum in the retort, though
it be not ignited, is fometimes attracted by
the magnet.

(c) This ore, pulverized and flrewn upon
hot coals, exhibits a kind of phofphoric ap-

pearance, which is light and momentary
but
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but when expofed to fire alone in a clofe

:rucible, it quickly liquefies, and perforates

the bottom. This effe£t is occafioned by
the calcareous earth in the ore difiblvinp;O
the filiceous and argillaceous earth of the

/elfel; thefe three, when mixed, eafily flow,

md befides, the calxes, both of iron and
Tianganefe, which are here prefent, promote
the vitrification very much.

(n) The powder, let fall into nitre,

fufed and ignited, fhews no difltindl detona-

tion, but a crackling is heard.

(e) I have attempted the redudlion of
thefe ores by many different ways, but it is

)nly neceffary to mention thofe which are

particularly ufeful in the extraction of
a'on.

The firflt, moft fimple, and in many cafes

he belt, is this : — the bottom of a cru-

tible is covered, to the thicknefs of about

lalf an inch, with powdered charcoal ; this

powder is moiftened with water, mixed
vith a fmall portion of argillaceous earth,

'o that upon comprefiion the particles may
the better adhere together, and to the cru-

mble ; the fides are lined in the fame way,
put thinly. The fuperficies of the ftratum

pught to be rather concave, fo as to receive

n the lower part 100 of pulverized ore, co-

hered with calcined borax ; for that which
fill retains the water of cryfltallization up-
pn boiling, difperfes many particles of the

)re ; finally, another crucible is to be in-

O 2 verted.
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verted, and luted on, and the whole expofed

to a proper fire.

The fecond method is this :—100 of the

ore, mixed with an equal weight of mineral

fluor, and half of apyrous clay, is put into a

crucible, prepared after the manner above

defcribed, and treated in the fame way, but

without the addition of borax.

The third is diredled by D. Scheffer:—to

I part of ore are added i of tartar, i of

charcoal-duft, i of glafs, 1 of white, and 2

of black flux ; the mixture is put into a

crucible prepared without lining, and fhut

as before.

The fourth, which has been long in ufe,

is defcribed by Snack, and is preferred to all

others by D. A. Swab, although it is very

complex:—to 100 of the ore are added an

equal v/eight, or 100 of fal ammoniac, 100

of tartar, 100 of glafs gall, 50 of borax, 50
of charcoal-duft, and of black flux 200

;

the mixture, put into an unprepared crucible,

is covered with common fait, and, being co-

vered, expofed to the fire.

In order to compare thefe different me-
thods, with refpedt to the white ore of iron,

I treated different portions of it according

to all the different methods, and that with-

out previous calcination, which in this in-

ftance is of no effedt. That which I tried

was a fpathous frufium, not yet injured by

calcination, brought from Eifenartz, in Up-
per Stiria

:

2 Of
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)f this 100, according to the firft me-

thod, yielded of a regulus nearly of lb.

the fplendor of filver - - - - 4^

Lccording to the fecond, of a regulus

of an afh colour - - “ “ 39

ly the third, a regulus of an alh colour,

but nearly cryftallized on the fur-

face - - - - - 29!

ly the fourth, of a regulus almofi;

white and fplendid - - ~ 3^

I found nearly the fame progreffion to hold

vith the ore of Naffau, and with the other

)res, examined in the fame way : in general

he weight of the regulus never attains to

;o, but is often 30, 20, 10, nay even fome-

imes no more than 2, though the ore has

3een made black by roafting, and is at-

racfted by the magnet ; but hereafter it will

3e demonflrated that the blacknefs by fire

s not occafioned by the iron, but by man-

^anefe. The purefi: calcareous ftones are

feldom entirely without iron. The clear-

nl; Iceland fpar grows red by long calcina-

fion ; and even by the humid v/ay yields its

metal to phlogifticated alkali.

The ores which are fo poor as not to yield

1 regulus without difficulty, are ufually

brought to that ftate by a fmall quantity of

white arfenic, or rather of litharge ; for by

this method the fcoria is made thinner, and

the fmall globules permitted to fubfide and

colledl.

O 3 § VI, Pr(?«
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§ VI. Properties of thefe Ores, examined, by,

the humid Way.

(a) The white ores of iron effervefce

indeed with acids, but in general more
weakly than the calcareous frones; and fome-

times no motion is obferved, unlefs pulveri-

zation and heat be both employed. That
calcareous earth is prefent will appear from

what follows : but the reafon why it only

effervefces flowly, is to be fought partly in

its proportion, and partly in its intimate

connedion with the other principles.

(b) All thofe acids which are ufually

called mineral diffolve this ore, if it be well

pulverized, and a due degree of heat applied.

The folution made by vitriolic or marine

acid is generally of a yellow green ^ that by

the nitrous of a red or yellow brown ^
the

marine acid dilTolves it fooner than the reft :

thefe colours vary a little, in proportion

to the quantity of metallic parts. Sometimes

a brown rednefs at firft appears, which then

vaniOies, buf fometimes perfifts, unlefs fu~

gar, or fome fubftance rich in phlogifton, be

added.

Almoft always fomewhat remains undif-

folved, which yet, upon examination, ap-

pears to be of a different nature, I have

frequently feen grains of fchoerl, zeolith,

quartz, mica, nay fibres of afbeftos inter-

mixed : but thefe are foreign matters,

which,
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which, although they fometimes form above

.0,2 of the mafs, yet are not a necelfary com-
ponent part of the ore.

The folution made- by vitriolic acid, upon
evaporation yields green martial cryflals

;

and that made in marine acid, without heat,

fometimes by fpontaneous evaporation con-

cretes into fpathaceous forms, compofed of

hollow pyramids.

(c) During the folution an elaftic va-

pour efcapes, which, when extricated by
vitriolic or marine acid, is not inflammable,

even although the crude ore be attra<fled

by the magnet.

The quantity of water is eaflly difcovered

by performing the operation in a large bot-

tle, clofed fo as to give exit to the elaf-

tic fluid, but not to the moifture ; for the

diminution of weight in this cafe indi-

cates only the volatile aerial fluid, whereas

the lofs fuffered during; calcination ihews

the weight both of the elaftic fluid and' of

the water.

(d) As the various qualities above men-
tioned indicate the prefence of lime, I at-

tempted to feparate it in the following

way :—let a portion of the pulverized and

calcined ore weighed, be put into diluted

nitrous acid, and let the mixture be flaaken

for a quarter of an hour j after which let the

powder be collected on a filter, and the clear

liquor precipitated with aerated fixed alkali

:

by this method a white fediment was ob-

O 4 tained.
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tained, which upon examination fhewed al|

the properties of lime. I employed the calr

cined mineral, and the nitrous acid, left any

thing metallic fhould be taken up during

the ftiort agitation, otherwife the end

might be anfvvered by the marine acid ; but

then it is neceftary, in evaporating the folu-

tion to drynefs, to expofe it to a more in-

tenfe heat, that the diffolved metal may be

fpoiled of its menftruum, for the lime

retains the menftruum more obftinately

:

hence, after this operation, the falited lime

may be elixated from the refiduum by wa-
ter, and precipitated by an alkali.

The weight of lime varies much; in fome
ores I found a few hundredths ; in the fpa-

thaceous kind about o,i confifts of lime, in

others 0,5, but it is never entirely wanting.

(e) Into a folution of the ore made with
the pureft marine acid, I poured a few drops

of folution of terra ponderofa in the fame
menftruum, but the tranfparency was not

in the leaft difturbed ; from whence I con-

clude, that there is no vitriolic acid pre-

fen t.

(f) The fame is true of the marine acid;

for I examined the fmall portion of water

expelled folely by heat in the diftillation

(§ V. b), and could not, even by paper ting-

ed with turnfole, difcover any traces of an

acid : I alfo poured concentrated vitriolic

acid upon the povv^dered ore in a retort, and

fjito the receiver a fmall quantity of diftilled

water,
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water, as water very greedily attradts the

marine acid in a ftate of vapour ; but neither

by the fmell, by any vifible vapour, nor by
precipitants, could I difcover the fmall-

eft figns of a mineral acid, unlefs the heat

was increafed to fuch a degree as to force

over fome of the vitriolic acid. The water

in the receiver was not at all difturbed by
folution of diver, although, upon touching

it with the end of a glafs rod wet with ma-
rine acid, the filver was immediately pre-

cipitated, and a white fediment feparated.

T conclude therefore with reafon, that

the vitriolic and marine acids, if they fome-

times happen to be prefent, do not belong

to the proper compolition of the ore j and,

in fadl, how could the aerial acid exift to-

gether with thefe, being eafily expelled by
either of them ?—and how could the marine

acid, which with lime and iron forms deli-

quefcent falts, in this cafe form with them
an ore which not only remains dry in the

open air, but even undergoes fpontaneous

palcination ?

§ vil. Pt-incipal Properties of Ma?iganefe>.

I have hitherto frequently named manga-»

nefe, and mentioned feveral circumftances

which cannot be properly underftood with-

out previoully conlidering its nature. It is

necelfary therefore, before we proceed fur-

ther, to defcribe the principal properties of
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this fubftance, fo far as they have hitherto,

been difcovered.

(a) The mineral fubftance which is call-

ed black, or glafs-makers,magnefia,is fcarce-

ly any thing more than the calx of a new
metal.

It is many years hnce I began to fufpedk

that fome metal, different from all thofe for-

merly known, lay concealed in magnefium,
being partly led to this opinion by the fpe-

cific gravity, partly by its property of ting-

ing glafs, and partly by its feparating from
menftrua on the addition of phlogifticated

alkali, a circumftance which takes place

with all the metals, but not with any earth.

In the mean time I attempted the reduc-

tion of it in various ways, but in vain j for

either the whole mafs ran into fcorias, or I

obtained only difcrete fphaerical atoms, fo

much loaded with iron as to be magnetic.

On account of its being fo difficult of fu-

fion, I at lirfi imagined it had fome affinity

with platina : at length Mr. Gahn, without

knowing any thing of my experiments, fuc-

ceeded in obtaining larger pieces of regu-

lus by means of a moft intenfe heat ; and

Mr. Scheele, in 1774, publiffied feveral cu-

rious fadts relating to manganefe.—The
principal things refulting from the experi-

ments of thefe gentlemen, and from my
own, ffiall be the fubjedt of the following

pages.

7 (b) The
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(b) The redu6lion is efFedted in the fol-

]owing way :—a certain quantity of manga-
nefe, formed with oil or water into a ball,

is put into a crucible prepared with char-

coal-duft, as before defcribed (§ v. e), the

empty fpace is then filled up with char-

coal-duft ;
another crucible is inverted by

way of cover, and luted, and the whole ap-

paratus expofed to the moft intenfe heat

which the laboratory can produce, for an

hour, or more if necelTary. The veifels be-

ing cooled and emptied, a regulus is form-
ed, fometimes confifiing of many pieces,

which, colledted, in fome cafes amount to

0,3 of the manganefe.

If the fire be weaker than necefiary, either

no reduction takes place, or the metallic

particles are difcrete, not being fo fufed as

to run properly together. If during the

operation the crucible falls, fo that the me-
tal lhall touch the naked fide of the veflel,

vitrification is inevitable.

(c) The metal obtained, which I call

manganefe, is about the fpecific gravity

6,850.

The furface is generally brown, and the

larger pieces of regulus are fcarce ever found
globular, but knotty and irregular, which,
no doubt, is owing to the difficulty of fufion,

in wffiich it feems to exceed even forged

iron.

Being harder than iron, it breaks under

the hammer ; the fradture is irregular an'4

rough.



204 OF THE WHITE ORES OF IRON.

rough, with a fort of whitiih metallic fplen-

dor, which foon fpontaneouily grows brown :

even the finaller pieces are not magnetic ;

but the pov/der is generally obedient to the

magnet, though the admixture of iron be

avoided with all poffible care.

Some fmall pieces, expofed to the fire in

an Heffian crucible, in a blafl-furnace, and

kept there for twenty minutes, yielded a yel-

lowifh brov/n glafs, and a fmall globule of

iron. Here a remarkable difference between

the two metals is obferved, the manganefe

vitrifies, the iron perfifls, and is formed in-

to- a regulus.

The regulus, when well fufed, generally

perfifts in a dry place, but fometimes under-

goes fpontaneous calcination, and falls into

a brownifh black powder, which is found

fomewhat heavier than the perfedt metal

;

yet, when frefh, contains fo much phlogif-

ton as to produce inflammable air, on folu-

tion in vitriolic acid : this phlogiflon it

lofes by time. The caufe of this fpon-

taneous refolution is not yet fufHciently ex-

plained 3 but it appears very probable, that,

on account of the weaknefs of the fire, the

particles fometimes coalefce fo imperfedlly,

that when the dephlogiftication again begins,

they eafily lofe their mutual connexion :

moifture, but particularly the accefs of aerial

acid, affifts this operation. A fmall piece,

put into a dry bottle well corked, remained

perfedl for the fpace of fix months, but

afterwards.
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afterwards, expofed to the open air of a

chamber for two days, contracted a brown-
nefs on its furface, together with fo much
friability as to crumble between the fingers :

the internal parts, however, retained an ob-

fcure metallic fplendor, which difappeared

in a few hours •,—a piece more fully im-
pregnated with iron refifts the action of the

air better.-

(d) It melts readily with other metals,

pure mercury excepted. Copper, united

with a certain quantity of it, is extremely

malleable but upon the furface of this

mixtJire, when poliihed, fcarce any traces

of the red colour are to be feen : this mix-
ture fometimes by age produces a green ef-

fiorefcence. Tin very eafily unites with
manganefe 3 but zinc not without much
difiiculty, perhaps on account of its vola-

tile and inflammable nature. White arfenic

adheres to it, and by means of phlogifton

reduces it to a metallic form.

(e) Manganefe, calcined by fire, yields a

blackifh calx ^ but if the ignition be con-

tinued for twelve days it acquires a dark

green colour ; fometimes alfo it produces a

v/hite or a red calx, of both which we fhall

treat feparately (g). The black calx retains

a very fmall portion of phlogifton, but the

white abounds v/ith it fo much that it is

foluble in acids.

All thefe- varieties, in a common cruci-

ble, by means of a fufficient degree of fire,

run
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run into a yellowi£h red glafs, which is

pellucid, unlel's too great a degree of thick

-

nefs renders it impervious to the rays of

light.

The black calx of manganefe by a pecu-

liar energy, when mixed with other fub-

ftances, attradls phlogifton, and exhibits fe-

veral remarkable phasnomena both by fire

and folution ; the chief of which we fhall

confider, beginning with thofe which occur

in fufion.

(f) In order to difcover the genuine ha-

bits of this fubftance, we mufi; employ the

blow-pipe j for^ by means of this infiru-

ment, we can diftindtly fee all the fuccef-

five changes occafioned by fire^ from the

beginning to the end.

Let a globule of microcofmic fait be fufed

upon the charcoal, and to it be added a fmall

portion of the black calx j let this mixture

be fufed, by means of the interior blue flame,

for a few minutes, and it will yield a bluifh

red pellucid glafs ; but if the quantity of

calx be greater, it is of a rich red. Let it

be again fufed, but for a longer time, and

we fhall find the tinge totally deflroyed.

Let the globule, which is now colourlefs,

be foftened by the exterior flame, and the

colour quickly returns, and may be again

difcharged by continued fufion. The fmall-

efl; particle of nitre too, added to the glafs,

inftantly refliores the red colour
j
whereas

fulphur, and the falts containing vitriolic
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icid, contribute to difcharge it ; as alfo do

:he metallic calxes, although theie, in proper

quantity, communicate each its own parti-

:ular colour.

The glafs globule, after being deprived

of all colour, if fufed in a filver fpoon re-

:overs its rednefs, which it retains not-

withlfanding a long continued fulion ; in-

dammable additaments indeed extinguidi

:he colour, but this is ealily rehored by fu-

[ion, nor can it again be difcharged without

a new addition.

Thefe changes are agreeable to the eye,

md of themfelves very remarkable : upon
conlidering the whole, it will readily ap-

pear that the caufe of them is to be fought

in the different quantities of phlogiflon.

Let us firfl examine the moft fimple cafe :—

-

the globule of microcofmic fait fufed, con-

Gfls of the phofphoric acid only, partly fa-

turated with mineral alkali ; the difengaged

part mufl therefore neceffarily attradl phlo-

gifton from the ignited charcoal, which is

again taken from it by the calx of the man-
ganefe : nov/ this calx, by a certain degree

of phlogiflon, is reduced to fuch a flate that

it exhibits no tinge, almofl in the fame man-
ner as the feven primitive colours when
collected form the light of day, at once
white and tranfparent ; now, whatever de-

phlogiflicates the glafs, deprived of this

tinge, reflores the rednefs, and this is effedled

by the nitre and the exterior flame.

Thefe
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Thefe changes cannot take place in the

filver fpoon, becaufe in this cafe the fupport

does not fnpply any phlogifton, and there-

fore the colourlefs globule fufed upon it is

quickly deprived of the quantity of phlo-

gifton it had before imbibed by the fur-

rounding air—>a lofs which in this inflance"

cannot be repaired^ and therefore the glo-

bule continues red.

The additaments capable of dellroying the

colour are fuch as naturally contain phlo-

giflon, fuch as fulphur and white arfenic ; or

at leaft fuch as eafily take it up from the

coal, fuch as gypfum and the other falt^

containing vitriolic acid, which thus readi-

ly run into fulphur. The metallic calxes

too are of fuch a nature that they take phlo-

gifton from burning charcoaly which they

are immediately obliged to give up to the

calx by means of its fuperior attradlion.

The phaenomena above defcribed and ex-

plained alfo take place with borax, but with

fome difference : the colour with microcof-

mic fait is a bluifh red 3 that with an equal

quantity of borax, a yellowifh red 3 but in

both cafes, by faturation, the fame intenfe

red is obtained. By fufion upon charcoal

too the tinge is not deflroyed fo fpon in the

latter cafe, as borax attracts phlogifton with

lefs force than the phofphoric acid does.

If a fmall quantity of calx of manganefe’

be added to an alkali, either vegetable or

mineral, fufed in a filver fpoon, and the fire

continued
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continued for a few minutes, the globule

foon becomes of a whitifh blue •, or, if any
iron be prefent, it acquires a green tinge ; by
a larger quantity the colour is made more
intenfe, even fo far as to appear nearly

black i but the mafs fufes flowly, and, by
being marked with fpots, fhews an unequal

diftribution. If to the fufed mafs be added

either powder of charcoal or white arfenic,

ihe calx of the manganefe is phlogifticated

and the colours perilh ; hence it appears

why common cryftalline glafs grows red by
the admixture of manganefe ; but if the al-

kaline fait prevails in it, it contracts a violet

colour.

Nitre fufed in the fpoon flov/s about j but,

added in fmall quantities to the alkaline

fait, does not deftroy its globular figure : in

this cafe the colour is changed to green by
the addition of a fmall quantity of calx of

manganefe, on account of the calcined iron

prefent in the blue mafs.

Many of thefe changes take place in a

crucible, but not all : the red glafs indeed,

upon the addition of powdered charcoal, ef-

fervefces, and is deprived of its tinge ; but

the falts containing vitriolic acid, and the

ignoble metallic calxes (except white arfe-

nic, which eafily yields its phlogifton) are

of no eifedt ; for although the velfel be red

hot, neither the acid nor the calxes are

thereby fufficiently loaded with phlogifton,

and that portion which they naturally con-

VoL. II. P tain.
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tain, in this cafe is not feparated ; the con-

tad of ignited coal is necelfary.

Thefe things being known, it will not be

difficult to explain the ufe of manganefe in

the purification of glafs; for the iron, which

contaminates a vaft number of bodies, ad-

heres not only to the alkali, but to the fili—

ceous earth of which the glafs is compofed.

Now this metal, in order to enter the tex-

ture of glafs, mufi: be deprived of a certain

quantity of phlogifton j the great quantity,

however, of that principle with which it is

capable of entering glafs, produces a green

colour in the fame way, as by folution in

acids (particularly the vitriolic) it produces

a green vitriol
:
yet this fait, on being re-

peatedly diffolved, fucceffively lofes more

and more of its phlogifton, for that reafon

grows pale, and at length is changed into a

brownifti red lixivium, which refufes to

cryftallize. If now fo great a portion of

manganefe be added by fufion to glafs, that

©n the one hand the phlogifton occafioning

the green colour may be abforbed, and on

the other by means of that phlogifton the

calx be deprived of all colour, we fliall have

a glafs colourlefs as water. Too great a

proportion of manganefe will impart its

own colour, too fmall a one will leave a part

of the original green in the glafs : the lat-

ter excefs, however, is preferable to the for-

mer, for a very flight degree of green is not

perceptible in glafs, unlefs when it is fa hot
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as almoft to liquefy } and this, upon cooling,

becomes again entirely invifible. But the

iron, if too much dephlogifticated, commu-
nicates a yellow hue, which cannot be re-

moved by the calx of manganefe, but like

the green when weak, can only be perceived

in the glafs while hot.

(g) The habits of manganefe, examined
by folution, confirm and illuftrate the for-

mer experiments.

The vitriolic acid, even when concentra-

ted, attacks manganefe in its metallic form,

but much better when diluted with double

or triple the quantity of water : innumer-
able bubbles arife, which when collected

are found to be inflammable. It is diflblved

more flowly than iron, and leaves behind a

black fpongy fubftance, of the fame figure as

the metal j a fmell is perceived fimilar to

that occafioned bv marine acid with iron :

the folution is colourlefs, like pure water

;

and upon evaporation depofits very bitter

fpathous cryflals, which are clear and co-

lourlefs ; but on the addition of alkali lets

fall a white precipitate, which we formerly

called the white calx of manganefe, and is

now to be more accurately examined.

It readily appears that this white calx of

manganefe, or more properly white aerated

manganefe, is not faturated with phlogiflon,

as it wants the reguline form; and that regu-

lus of manganefe during folution is deprived

of a portion of its phlogiflon, is the lefs

P 2 doubtful.
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doubtful, as it is certain that during that pro-

cefs inflammable air is generated. This cala:

however retains precifely that quantity which

is neceffary to render it foluble in acids; and

when this portion is diflipated by a white

heat in open air, the calx grows black, and

aflumes the properties of the black calx,

which we have been confidering. Here we

mu'fl; obferve, that a folution of manganefe,

much diluted, although with aerated alkali

it affords a white precipitate, yet with the

cauflic alkali yields either at once a brown

calx, or one which foon grows black in the

open air ;
the rcafon is this r—aerated alkali

yields the aerial acid to the falling calx, as

is eafily feen from the increafe of weight,

the eifervefcence of the precipitate with

acids, and by pneumatic diftillation : but

in this cafe the acids fix the quantity of

phlogiflon neceflary to folution, as is feen

from hence, that the pure air contained in

the atmofphere or in water, although ex-

tremely greedy of this principle, is yet in

this cafe not able to feparate it. But the

white calx is eafily taken up by all acids,

and does not at all tinge the menfiruum,

unlefs it be fenfibly mixed with iron : it

follows naturally that the calx, precipitated

by aerated alkali, fliould effervefce with

acids ; it is alfo to be obferved, that the

whitenefs is the more perfedl as the quantity

of iron is lefs, as this foreign admixture ful-

lies the colour by a yellow or a brown.
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We now proceed to the calcined black

manganefe : this, when either old or well

calcined, is only taken up in fmall quantity

hy boiling in vitriolic acid ; neverthelefs,

if the menliruum be added by fucceffive por-

tions, each of which renders a little foluble,

it may be gradually faturated^ and then, with
aerated alkali, depofits a white calx : this

feems to indicate that the calx, though de-

phlogifticated, yet pofTelTes a fmall quantity

of phlogifton, which is infufficient for the

folution of the whole ; notwithftanding

which, the menftruum may be fufficiently

faturated by fuch particles as lie next ad-

joining to it : thefe, by means of the acid,

are capable of taking the necelTary phlogif-

ton from the more remote, if the number
of them be fufficiently great to fupply the

quantity of phlogifton which is requifite for

folution.

A Angular tranflation we have already

found to take place in the via ftcca j and

that the fame is the cafe, the circumftan-

ces now to be related will put beyond all

doubt ;—the calx thus exhaufted altogether

rejects the vitriolic acid, unlefs fome fub-

ftance charged with phlogifton be added,

which phlogifton is, by means of the acid,

transferred to the calx ; thus, upon the addi-

tion of fugar, honey, gum, or other fuitable

fubftances, the folution may be promoted
and compleated. Such of thofe fubftances

as upon the abftradion of their phlogifton

P 3
perifti
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periHi (namely organic bodies) leave no
other veflige of themfelves in the folution

than the phlogiftication above mentioned. A
fimilar effedt is alfo produced by the metals,

not only the imperfedt, but, what is very ex-

traordinary, even by gold itfelf : this efper,

daily takes place in the marine acid, but in

all cafes the metallic calxes are eafily found
in the folution, We have faid that phlogillon

is eafily transferred, by means of the acids,

to the black calx; and that this, when loaded

with plogifton in proper quantity, is diffolv-

ed ; and this we have affirmed not without
reafon, for the calx, when boiled with fugar

diffolved in water, is not fupplied with phlo-

gifton, nor is the fugar changed, but remains

complete ; and when it is feparated by lotion

the calx is found infoluble as before : but

if an acid be alfo added, by its means the

calx takes up quickly as much phlogifton

as is neceffary to make it foluble ; nay, the

phlogifticated vitriolic acid, when poured

upon the calx, foon lofes its fmell, and dif-

folves it readily without any affiftance.

Another method of folution has alfo been

found out, which clearly ffiews the great

attradlive force this calx poffieffes with re-

fpedt to phlogifton : thus, let the vitriolic

acid be drawn offfrom the black calx feve-

ral times with an heat approaching to ig-

nition, in a glafs veffel, either open or ftiut j

after each operation let the foluble part be

elixated with water, and at length nothing

will
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will remain : from whence then is derived

the phlogifton necelTary for folution ?—I an-

fwer, from the decompolition of the matter

of heat, which confifts of pure air, joined to

a determinate quantity of phlogifton. In

order to Ihew that this is not bare conjec-

ture, let the operation be performed in a

clofe veifel to which is adapted a pneumatic
apparatus ; and towards the clofe of the pro-

cefs pure air is copioufly produced, which
is extricated while the phlogifton is uniting

with the calcined manganefe. The calx is

indeed of itfelf capable of decompofing the

heat, but cannot be rendered foluble without
acids : if the acid, a little diluted, be drawn
olf only to drynefs from one half its weight
of black calx, water is able to take up by
elixation upwards of one fourth of the

calx : this water is of a beautiful red, and
on due evaporation yields cryftals of the

fame colour j this tinge indicates a deficien-

cy of phlogifton, a deficiency which, as has

been already faid, may be fupplied either by
continuing the abftra^ion to ignition, or by
fome fuitable phlogiftic additaments.

We have hitherto only confidered the

white and the black calx ; it is proper now
to beftow fome attention upon the other va-

rieties ; that which is produced by the fpon-

taneous calcination of the regulus is at firft

of a dufky colour, but in the open air grows
more brown ; and in about fourteen days the

weight is increafed by 0,35, and is again

P 4 diminifhed
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diminifhed a few hundredths, on expofure to
heat. The humidity which had been at-
tracted from the atmofphere being now ex-
pelled, this calx, in proportion as it is more
newly made, and lefs expofed to fire, is the
richer in phlogifton, and is the more quick-
ly diflblved in vitriolic acid, with which it

produces a bluifh red colour : this ele-

gant tincture, gently precipitated by means
of aerated alkali, at length fhews fome red
particles fubfiding, which yet, collected on
a filter, grow brown. It appears very pro-
bable that the red calx forms a fort of me-
dium between the black and the white, be-
ing more foluble than one, and lefs foluble
than the other 3 and that the colour indi-
cates the imperfect ftate of the folution, for
by the addition of fugar it is difcharged in a
few minutes : to this clafs, doubtlefs, be-
long the red and brown ores of manganefe.
The particles enveloped in tranfparent ma-
trices afford very beautiful fpecimens, more
or lefs pellucid : thus the red fpathous ore
which is got at Klapperud, in Dalia, is found
filled with zeolith 3 fo that a fmall piece,
gradually put into an acid, is fpoiled of the
red calx, from the furface fucceffively in-
wards to the center, though the original
form and magnitude remain : the remainder,
upon examination, is found totally filiceous,

for the argillaceous and calcareous parts of
the zeolith matrix are extracted by the acid,

together with the calcined manganefe.

Both
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Both the red and the colourlefs calx of

nianganefe are precipitated by a phlogifti-

cated alkali of a whitifla yellow, unlefs the

iron be fuperabundant.

It has already been obferved that the black

calx of manganefe grows green in a red

heat, which was firft remarked by the cele-

brated Rinman, upon making the experi-

ment on a fpecies of black calx of manga-
nefe, which mull yet be particularly diftin-

guidied ; for though it confifts for the moll

part of a black calx, yet it contains a num-
ber of heterogeneous particles, fuch as calca-

reous and hliceous earth, and terra pon-
derofa, fubftances which are always mixed
with the Swedifb calx : this green calx is

found concreted into loofe grains, is made
white by the vitriolic acid, and corroded

into a fubtile powder 3 but very little is dif-

folved, even by the addition of fugar, nor is

a red tinge ever produced.

Having thus fpoken pretty fully of the

vitriolic acid, let us now briefly conlider the

other acids.

The nitrous acid diflblves the regulus with
a certain elfervefcence, occafioned by the ge-
neration of nitrous air

3
yet afpongy, black,

and friable body remains, refembling mo-
lybdaena in its properties, fo far as the fmall

quantity of the matter would permit expe-
riments to be made. The other menftrua
alfo exhibit a flmilar reflduum 3 the folution

is always brown, which is occafioned by the

iron



215 OF THE WHITE ORES OF IRON.

iron adhering to the manganefe— it fcarcely

acquires a red colour : the white calx is very

readily taken up by the acid, during which
operation the aerial acid is extricated, but no
nitrous air appears. The faturated men-
ftruum has the appearance of water, unlefs

iron be prefent : the black calx is very fpa-

ringly diffolved, yet a faturation is effected

by means of a large quantity of the calx—
phlogiftic additaments complete the folu-

tion j but thefe are not neceffary if the acid

be employed in a phlogifticated date. In this

cafe the decompofition of heat feems to have
lefs effed;, as the menftruum, being more vo-

latile than the vitriolic acid, is diffipated by
a lower degree of heat. The green calx is

aded upon in the fame way as by the vitrio-

lic acid : the folutions when pure depolit no
folid cryftals, although the evaporation be
conduded with the mod; cautious downefs.

Reguline manganefe is didblved in the

ufual manner by the marine acid, as is alfo

the white calx •, nay, the black is taken up
in the cold by this mendruum, and commu-
nicates to it a red colour. I had before con-
jedured that the red calx is richer in phlo-
gidon than the black, an opinion which is

confirmed by a circumdance which occurs

here. Marine acid contains phlogidon as

one of its condituent principles j and the

black calx, by means of a fuperior attradion,

feizes a part of this phlogidon, and ac-

quires a certain degree of folubility : but
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this union is very flight, and may even be

leilroyed by the Ample affuAon of water :

f, however, the red folution be expofed to a

ligefliing heat for forae hours, an inteftine

notion like an elFervefcence takes place;

:he fmell of dephlogifticated acid is per-

:eived, and the calcined manganefe is taken

ap in fuch a manner as to be only feparable

by an alkali. The part of the acid which,
by its phlogifton, has rendered the calx fo-

[uble, puts on the appearance of a red va-

pour, and flying off manifefts itfelf by a pe-

culiar odour : if fugar be employed, the de-

compofltion of the menftruum is not ne-

ceflary, nor is any fmell of aqua regia per-

ceived ; other fuitable phlogiftic matters in

the fame way effedt the folution of the black

calx
; nay, mercury itfelf, and even, gold,

neither of which yields diredtly to the ma-
rine acid, yet fupply calcined manganefe
with their phlogifton ; and, being thus de-

phlogifticated, are dilTolved in the men-
ftruum along with it.

Salited manganefe fcarcely yields diftindt

cryftals, but only a faline mafs, which at-

tradts the moifture of the air : the precipi-

tate by alkali is occafionally either white,

jrellow, or black.

As the fluor acid, united with manganefe,
forms a fait difAcult of folution, it is thence

fufficiently obvious, that the folvent power
of that acid is extremely weak ; for the par-

ades, being furrounded by a faline cruft, are
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freed from the adlion of the menftruum,

yet, upon repeated additions, the acid may
be fatu rated. If fl unrated volatile alkali be

added to a folution of manganefe made in

another acid, inftantly a double elective at-

traction takes place, and a fluorated man-
ganefe falls to the bottom.

The fame is true of the phofphoric acid.

The microcofmic fait, added to manganefe

diflblved in another acid, by a double affini-

ty precipitates a phofphorated manganefe.

The power of vinegar is weak, yet it dif-

folves the regulus in the way above defcrib-

cd, and may even be faturated with the black

calx, if that calx be added in large quanti-

ty. This cpmbination yields no cryllals

;

and after evaporation quickly deliquefces

again

.

Not only reguline manganefe, but alfo the

black calx, is taken up by the acid of fugar

;

but the faturated folution depolits a white

powder fcarcely foluble in water, unlefs it be

fharpened by an acid. This fait grows black

in the fire, but on addition of the faccha-i

fine acid, eafily again acquires a milky co-

lour. Manganefe is precipitated in the form;

of cryftailine atoms, by acid of fugar, from'

its folution in vitriolic, nitrous, or marinej

acid.

The acid of tartar, which is fimilar to

this, takes up the black calx even in the

cold, but the colour of the folution is a

5|ddiffi brown j however this tinge is dif-

charged
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charged with efFervefcence in a digefling

heat j a part of the menftruum is therefore

decompofed, and yields its phlogiflon to the

calx, as has been already obferved of the

marine acid ;
belides, the tartarized vegetable

alkali, added to any folution of manganefe,

immediately throws down tartarized man-
ganefe.

The circumllances already mentioned,

take place with the acid of lemons, which
in this in fiance pofTeffes altogether the fame
properties.

The weak aerial acid faturating water,

attacks both the regains and the black calx :

the manganefe, thus difTolved, if not mixed
with iron, feparates in the form of a float-

ing white pellicle ; by tindlure of galls,

or an alkali, it is precipitated white : if it

is the regulus which has been employed, a

peculiar fmell, refembling that of burning

fat, is perceived.

A very minute portion of the black calx,

added to an alkali in fufion, immediately

tinges it of an elegant blue, or fometimes

a green colour, if iron be prefent ; hence it

is that pot-afhes are fometimes found varie-

gated with blue or green : the green folu-

tion in a clofe veffel gradually depofits its

iron, and then, the yellow being difcharged,

it becomes blue : expofed to the open air,

the alkali attrafts the aerial acid, and the

black calx is depofited, a depofition which
is more quickly efFedled by a few drops of

a flronger
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a ftronger acid, or even by a Jarge quantity

of water ; by this laft the folution grows
firft violet, then red, and at length all co-

lour vanijfhes, the black particles which be-

fore had been red being depofited : thefe

particles, while red, had been equally dif-

perfed through the clear mafs ; but being

more completely deprived of their phlogif-

ton, at length grow black.

(h) Eight parts of calcined manganefe, by

a gentle heat in a glafs retort, take up three

of fulphur, and produce a yellowilh green

mafs, which is adled upon by acids, dilTolv-

ine the metal with effervefcence and anO
hepatic odour : the fulphur which remains

after the generation of the hepatic air may
be colledted on a filter.

Reguline manganefe appears to rejedl ful-

phur.

(i) Thefe properties evidently fhew, that

manganefe differs confiderably from all me-
tals hitherto known j in fufibility and co-

lour it fomewhat refembles iron j in its

ilrength of attradlion, fpecific gravity, and

in producing a colourlefs vitriol, it ap-

proaches to zinc ; but in other properties

is totally different.

Iron is malleable and magnetic when it

retains the greatefi; poffible quantity of phlo-

gifton : during folution in acids it exhibits

a green colour, but upon a greater dey hlo-

giftication it grows pale; and the laft lixi-

vium, which refufes to cryflallize, puts on

10 a reddifh
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reddifli brown appearance. The vitriol of

his metal, diflblved in water, is decompofed

pontaneoufly in an open veffel, and feparates

n ochre—this depofition is accelerated by
leat : the calx depoiited is of a reddidi

)rown, or at lead; reducible to that colour

)y a due degree of heat.

Zinc is of a white colour, eafily fulible,

,nd inflammable by ignition in open velfels,

nd burns with a mod: elegant flame, fend-

ng forth white flowers ; but in clofe vef-

els the metal, being volatile, rifes by the

'orce of the fire : it forms with copper a

rellow compound, which, when the relative

quantities are properly adjuded, refembles

pld : it is eadly diffolved in all the acids,

whether it be reguline or calcined, and
'orms a colourlefs folution : it yields a

rt^hite calx, which is not rendered black by
i red heat of fome minutes : and it never

dnges glafs red : thefe, and its other pro-

perties, readily didinguidi it from manga-
nefe. The entire habit of the latter with
phlogidon is fo Angular, that it cannot eafi-

ly be confounded with the other metals ;

for what metallic calx, except the black

calx of manganefe, is able to decompound
marine acid and volatile alkali, nay to fepa-

rate the phlogidon even from gold itfelf ?—

•

What other, when deprived of its phlogif-

ton, can form a blue folution with alkaline

falts, and a red with acids, which it again,

lofes by means of phlogidic additaments ?—
What



224 OF THE White ores of iron.

What other is there which, by the difference

in the quantity of phlogifton, can exhibit

colours fo various and fo diftinft, namely,

white, red, green, and black ? It is general-

ly thought that black calxes contain the

greateft quantity of phlogifton, but in this

cafe the black contains leaft of it.

Befides, manganefe, though tortured in

many different ways, could not be changed
into iron or zinc, or any other known
metal, but obftinately retained its own
properties ; therefore, until experiments,

free from the leaft ambiguity, fhall have

fhewn that this is derived from other me-
tals, it muft be confidered as a diftindl me-
tallic fubftance, unlefs we wifh to overturn

the certainty of natural philofophy alto-

gether, by indulging fallacious conjedlures.

The difficulty with which the martial in-

quinament is feparated, indicates no more
than the exiftence of a very intimate union.

The regulus eliquated from the black

manganefe of Sweden, expofed in an Hef-

fian crucible for a quarter of an hour (with-

out any additament) to a violent heat, loft

0,33, which had feparated in the form of a

brownilh yellow fcoria. The regulus was

not yet magnetic ; and, by the addition of

fugar, the acids extraded pure, calx of

manganefe f at leaft, with phlogifticated al-

kali, no traces of Pruffian blue could be dif-

covered. The remainder of the regulus

weighed 67 lb. j and, upon repeating the

operation.
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bperation, the part which was magnetic
weighed only 25 lb* and the black fcoria was
found contaminated a little with iron. This
regulus, fufed agaioj yielded only 17 lb. and
diffolved in acids, by the addition of phlo-

^ifticated alkali, both white and blue par-

dcles were depolitedj the former of which
ippeared moft numerous ; fo that we may
:onclude, that in 100 parts of manganefe
here are not prefent, of common iron, more
ban 0,08

i

The method by which the quantity of
ron may be accurately examined, will be

lefcribed § viii. B.

)
VII I i Method by ^vhich Mafigdnefe, when

mixed with Iron^ Jnay be dijiinguijhed and

feparatedi

The ores of iron and ofmanganefe are very

fequently loaded with both metals ; and

Ithough the iron ores are often found with-

lUt manganefe, yet thofe of the latter are

carcely ever free from the former. The
alxes of thefe two metals are alfo frequent-

7 found together in the vegetable king-

dom.

(a) In order to difcover the prefence of

nanganefe in iron quickly and eafily, the

ilow-pipe may be employed in the manner

bove defcribed (§ iv.) ; but no rednefs

ppears, if a particle of complete metal be

dded to the fait in fufion, as the tinge is

VoL. XL deftroyedl
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deftroyed by the phlogifton of the iron

(§ VI. F and g). The purpofe is generally

better anfwered by a fmall portion of the

metal well calcined ; but upon charcoal the

metallic calx attracts phlogifton from the

fupport, therefore the fufion muft either

be performed in a ftlver fpoon, or elfe the

red colour muft be induced by a fmall piece

of nitre. A perfon ufed to the procefs

will eafily know the prefence of manganefe,

and even be able, from the phaenomena, to

judge of its quantity.

In a crucible too, the prefence of man-
ganefe is difcovered without difiiculty. To
a piece of iron, weighing a fev/ aftay pounds,

and made red hot, let there be added about

live times the quantity of cryftaliized nitre

;

and let the fame quantity be again added

when the eftervefcence has ceafed : if anv

manganefe be prefent, a green ring will be

found round the middle of the infide of the

crucible ; if the quantity be conftderable,

it. will not be neceftary to add the nitre

a fecond time \—-the crucible muft be re-

moved from the fire while the mafs is red

hot.

(b) Let a determined weight of the iron

fufpefted to contain manganefe be diftblved in

a large quantity of nitrous acid, let it then

be evaporated to drynefs, and at length made
red hot : let the reftduum be weighed, and

put into diluted nitrous acid, together with

a fmall piece of fugar j and if any manganefe

2 be
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be prefent, after a few hours the menftruum,
when faturated with aerated alkali, will yield

a white metallic calx, which may be thus

totally abftradted : let the remainder, which
is totally deprived of manganefe, be elixated,

dried to ignition, and finally again weigh-

ed—the difference of weight, before and af-

ter the extradlion, Vv^ill fhew the quantity

of calcined manganefe ; and this being

given, the correfponding quantity of regu-

line manganefe is eafily determined, as that

metal gains 0,33 by calcination. The folu-

tion itfelf alfo, precipitated by a fixed al-

kali, affords a white calx, the knowledge of

which eafily determines the quantity of the

reguline manganefe ; for experiments fhew
that 100 parts of this metal diflblved, yield

180 of white calx.

The w^hite calx thus obtained is feldom

entirely free from iron, as it is very diffi-

cult to deprive that metal fo far of its phlo-

gifton, that the nitrous acid, efpecially when
phlogifticated, cannot take up fome portion

of it : but if the white calx, obtained as

above, be well calcined, and again diffolved

in nitrous acid, by means of the addition

of fugar, the iron remains for the mofi: part

undiffolved ; at the beginning too, the mar-

tial inquinament, being weaker in attrac-

tive power, may be precipitated by a few

drops of volatile alkali.

Iron, contaminated with manganefe, if

powdered and plunged into a folution of

martial
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martial vitriol, is gradually depurated ; for,

in virtue of its fuperior attradlion, the acid

feparates from the iron, and dilTolves the

manganefe.

§ IX i 'Proximate Principles of the nvhite

Ores of Iron.

Thefe things being premifed, we are en-

abled to judge properly of the compofition

of our ores, namely, they always confift of

lime, iron, and manganefe, but in propor-

tions infinitely varied ; for we fiiall pafs

over in filence the foreign matters, which
we have already mentioned as being fome-

iimes prefent (§ vi, b).

(a) The prefence of lime is indicated by

the effervefcence, more or lefs remarkable,

occafioned by the pulverized ore (§ vi. a) ;

by its occafioning an heat in water, when
fufficiently burned ; by its feparating a

cream (§ v. a) j and by the whitifh opacity

occafioned upon cooling, in the nitrous glo-

bules, when too much loaded with it (§ iv. b).

Other circumftances tend alfo to prove the

fame thing; but the humid folution (§ vi. d)

it is which puts the matter beyoncj doubt.

If any portion of the metal fiaould at the

fame time enter the menftrua employed
(which is generally the cafe) that part ought
firft to be precipitated by phlogifiiicated

alkali ; and afterwards the lime, by an ae-

rated alkali.

(B) Of
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(b) Of the prefence of iron there is no
doubt

j
the crude ore is fometimes attracted

by the magnet, which is almoft always the

cale wnen it is burned 3 but fometimes, even

after burning, this property is concealed by
the h^iallnefs of the quantity, the iron fre-

quently not exceeding 0,02, which never-

thelefs is difcovered in the folution by means
af pblogiihicated alkali. The quantity of

metal is difcovered by reduction, either in

the humid way or by fire, folution, and
precipitation (§ v. e 3 viii. b).

That iron, deprived of its metallic form, is

prefent, eafily appears, for the ore is feldom

magnetic before roafting 3 nor on folution

does it generate inflammable air, when the

menftruum is vitriolic or nitrous acid :

hov/ever, as the perfedl ore yields without
heat green folutions, except with the nitrous

acid, and produces with the vitriolic acid a

beautiful green fait, we may thence col-

led:, that the deficiency of phlogiflon is in

this inflance not greater than in martial

vitriol.

(c) The prefence of manganefe is indi-

cated by the mofl: manifefl: figns, and that

even in the ftate of white calx, unlefs

when injured by lapfe of time : thefe are,

the blacknefs occafioned by calcination,

either fpontaneous or produced by fire (§ iv.

A3 VII. 0)3 the habits, when examined by
the blow-pipe (§ iv. vii. f) and by other

experiments, both by fire (§ v. vii. a, f)

0^3 aad
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and by the humid way (§ vi. viii. g). But
what puts the matter entirely beyond doubt is,

that the calx may be feparated, and feparately

examined (§ viii. b). White calcined man-
ganefe forms proportions of the whole mafs

very unequal. From the regulus of Eifenartz,

42 lb. in weight, 24 of white manganefe is

obtained (§ v. e) which weight alfo yields

13 lb. of regulus of manganefe; the iron,

therefore, is 42— 13 = 29: and in 1 00 parts

of this ore, of calcined iron, as in green vi-

triol, about 38, of aerated manganefe 24, and

of aerated lime 38. The ore brought from
the mountain, which in Sweden is called

the weftern Silver Mountain, in the fame

way yielded 22 of calcined iron, of white

calcined manganefe 28, and of aerated

lime 50.

§ X. Ufe of the white Ores of Iron.

It is well known to the fkilful in thofe

matters, how excellent the fteel is which is

produced by the white ores ; although that

the foundation of this excellence is an ad-

mixture of manganefe has heretofore been

unknown. In the reguli formerly eliquat-

ed (§ V. F.) the manganefe formed about

one third, by which, not only the hardnefs

Vv^as increafed, but a filver fplendor commu-
nicated. The beft proportions in mixing

the metals mufl be determined by various

and repeated experiments.

Thefe
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Thefe ores frequently contain iron in

fuch fmall quantity that they cannot pro-

perly be ddhominated from that metal ; one

or two hundredths are certainly of no fuch

confequence : in fuch the calcareous earth

abounds, which confequently by roafting is

converted into quick-lime, but is black or

brown, on account of the dephlogiftication of

the earthy bafe of the manganefe. A black

calx of this kind is got in the neighbour-

hood of Upland ; this affofds excellent mor-
tar, which grows harder, and dries more
quickly, than any other, even under water,

This fuperior excellence is rather to be at-

tributed to the manganefe than to the iron,

as the calcareous ftones, deprived of man-
ganefe, though containing the fame portion

of iron as thofe of Lena, yet produce a mor-»

tar of a much inferior quality. We have

calcareous ftones in many places of Sweden,

which grow black on burning, and which
doubtlefs poflefs the fame virtue.

We employ the black manganefe in glafs-

houfes for purifying glafs : how this a :ts

has been already explained (§ vii. f). It is

very probable that calcareous earth, loaded

with manganefe, and deprived of iron, fuch

as we have fpoken of for building, may be,

applied to the fame purpofe.

D I S S E R-0.4



DISSERTATI XK.

O ¥

NICKEL.

§ I. Htjlorical IntroduSlion.

H E R E is found in the parts of Ger-s

^ many which abound in metals, an

ore which is called kupfer-nickeU fome-
times grey, but often of a reddilh yellow

colour, and polilhed. This name it proba-

bly firft got and ftill retains from this cir-

cumftance, that although it has the appear-

ance of containing copper, yet not the

fmalleft particle of that metal can be ex-

traded from it, even by fire. The firft ac-

count we had of it was from V. Hierne, in

a book publifhed in 1694, written in the

Swedilh language, concerning the difcovery

of ores and other mineral fubltances.

Henckel
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Henckel coniiders it as a fpecies of cobalt

or arfenic, alloyed with copper, and Cramer
refers it to the arfenical or cupreous ores j

but neither they, nor any other perfon (as

they themfeives confefs) were ever able to

extract from it a fingle particle of copper.

Several other philofophers acquiefced in this

opinion, until that celebrated mineralogifl

Mr. Cronftedt firft undertook an accurate

examination of this mineral, and by many
experiments, which were publiflied in the

years 1751 and 1754, Ihewed that it con-

tained a new femimetal, to which he gave

the name of nickel.

Almofc all the Swedilh mineralogies af-

terwards embraced this opinion, as alfo did

many others, although the old opinion was
not entirely deferted ; for fome were led ra-

ther by vague conjecture and fpecious appear-

ance, than by fatisfaCtory experiment j and

Mr. Sage has lately attempted to eftablilh

the former theory by chemical reafonings

and experiments. In the aCts of the Royal
Academy at Paris he defcribed an analylis of

nickel which he had undertaken, and upon
this grounds an opinion that the new femi-

metal is compofed of cobalt mixed with

iron, arfenic, and copper.

In order to decide upon this fubjeCt

many experiments are necelfary, and thefe I

undertook with a mind totally free from any
preconceived opinion ^ and though upon
this occalion the fcarcity of the mineral pre-

vented
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vented me from entirely removing doubt,

,

yet I truft that fo much of the truth has

been laid open, that when a fufficient quan-

tity of this fubftance can be obtained, it

will be found no difficult matter to eftabliffi

the truth in the moil decihve manner.

§11. Ffliquation of the Regulus.

In order to obtain the regulus of nickel,

the ore muft be firft fubjedted to roafting,

during which a quantity of fulphur . and

arfenic, greater or lefs according to the na-

ture of the ore, is expelled ; fo that it fome-

times lofes upwards of half its weight, but

frequently not above 0,3. This ore, though

long and completely calcined, does not al-

ways acquire the fame colour, but in gene-

ral becomes greener in proportion as it is

more rich ; fometimes (efpecially if fuffered

to lie at reft) its upper furface is covered with

green vegetations, fomewhat of the form of

coral, which are hard and fonorous.

Let a double or triple quantity of black

flux be added to the roafted powder, and

the mixture well fufed in a forge, in an,

open crucible, covered with common fait,

according to the ufual method.

The veflel being broken, a metallic glo-

bule is found at the bottom, under the fco-

rias, which are brown or black, or fome-

times even blue : the weight of the globule

amounts
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Lmounts to 0,1, 0,2, or at the mofl 0,5 of

he crude ore.

This, however, is far from being pure j

or although the roafting be ever fo violent

ind long continued, yet a conliderable quan-
:ity of fulphur, but efpecially arfenic, ftill

•emains concealed in the regulus, exclulive

)f cobalt, and a great proportion of iron,

vhich laft is generally fo prevalent as to

nake the reguius magnetic; and this varie-

;y of heterogeneous matter is the caufe why
:he regulus varies much, not only in re-

fped: to its fradture, the polidaed furface of
rvhich is either fmooth or iamellated, but
dfo in regard to its white colour, which is

nore or lefs yellow or red.

It is obvious from hence how necelTary

t is to depurate the regulus, if we wifh to

udge rightly of its genuine nature and pro-

aerties : I have therefore undertaken a great

/ariety of laborious proceffes for this pur-
pofe;---to defcribe them all circumftantially

ivould far exceed the limits of this Effay;

[ (hall therefore only mention the mod: re-

markable, and that concifely ; for in writ-

ing to metallurgifls it is by no means necef-

tary to defcribe all the minute circumftances

attending an operation.

§ III. T’he Regulus depurated by Calcination

and Scorification.

In order to difcover the effedt of repeated

calcinations and fcorifications, the following

experiments
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experiments were made with a certain regu-

lus of nickel found in the Suabian colledtion

of the Upfal Academy, which had been eli-

quated by Mr. Cronftedt, and whofe fpeci-

fic gravity, taken by a very exadt hydroftatic

balance, was to that of diftilled water as

7,4210 to 1,0000,

(a) Nine ounces reduced to powder were

expofed in feveral difhes, for fix hours, to an

exceedingly vehement heat, under the dome
of an affay furnace ; by this the arfenic was

lirft dilTipated with a fcetid fmell j a fulphu-

reous odour was next perceived ; afterwards

a quantity of white fmoke, without the gar-

lic fmell, which probably arofe from the

fublimation of the more dephlogifticated

arfenic : when the heaps were hot they began

to fwell, and green vegetations fprang out

from all the furface, refembling mofs, or the

filiform lichen ; there remained at the bot-

tom a powder of a ferruginous a£h-colour.

In this operation 0,13 were diffipated.

(b) Half an ounce of this calx, fufedin a

forge for four minutes, together with three

times its weight of black flux, yielded a re-

gulus the furface of which was reticulated,

all the areolae being hexangular, »with ex-

ceeding flender flris, diverging from a tu-

berculated center : it weighed 0,73 of half

an ounce, was obedient to the magnet, and

when fcorified with borax left a blackifh
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(c) This regulus being again roajfted,

irft yielded a garlic fmell, and after a vili-

3le inodorous fume, together with vegeta*>

ions as before.

(d) The roafted pov/der being reduced

Dy the black flux, and taken out of the vef-

rel, a fmell of arfenic was again perceived

:

the fufion was repeated with the calx and

borax, and nothing appeared but fome ob-

fcure flgns of cobalt.

(e) The regulus of nickel, roafted a third

time, yielded but little fmell of arfenic ; no

vegetations appeared ; and finally the metal-

lic calx had rather a ferruginous than a

green colour.

(f) After redudbion in the fourth calcina-

tion nearly the fame phaenomena appeared.

(g) Redudlion being performed with

lime and borax, the regulus', when firft

fufed, loft much of its iron, which ad-

hered to the black fcoris ; it foon acquired

an hyacinthine colour with'out any remark-

able mixture of cobalt ; it was now but

little obedient to the magnet, and its fpeci-

fic gravity 7,0828.

(h) The regulus was again roafted (the

fifth time) ; but upon the gradual addition of

powdered charcoal to the difhes when red

hot, a prodigious quantity of arfenic, which
was before imperceptible, flew off in the

form of fmoke j for it is the nature of this

femimetal, that unlefs there be prefent a

certain quantity £>f phlogifton, with which
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it may unite, it does not yield to the adiion

i

of fire, but remains fixed. The powder was i

treated in this way, until no more fmoke or
j

garlic fmell appeared, although charcoal wa$
|

again added. i

" (i) On redudlion a regulus was obtained

of a lamellated and tenacious texture, which
yet, when the velTel v/as removed from the

fire, diffufed an arfenical odour.

(k) The roafting was therefore repeated
!

a fixth time, and continued for ten hours,

and by powdered charcoal arfenic was ex-

pelled, diftinguifhable not by the fight but
by the fmell ; the colour of the metallic

calx was obfcurely ferruginous, mixed with
a green fcarcely vifible.

(l) The redudtion being effedled with
:

equal parts of the white flux, lime, and bo-
rax, a regulus was obtained, femidudlile,

highly magnetic, and foluble in nitrous acid,

to which it communicates a deep green co-

lour] yet there remains a blackifh mafs ;

which eludes the force of the menflruum,
j

which afterwards grows white, and, fet upon i

a burning coal, flies off without any re-

markable arfenical fmell.
i

(m) The regulus was then fix times fu-
;

fed with lirne and borax ] the fcoria hence
i

arifing refembled the hyacinth in colour,

but a green metallic calx furrounded the re-

gulus, which, as before, was obedient to

the magnet, and, being femidudlile, broke

tenacioufly.
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tenacioufly, that is, the broken part was
rendered rough by extended threads.

(n) After all thefe roaftings the regulus

was expofed during fourteen hours to a very

ftrong heat ; after this powdered charcoal

was added by degrees, without any diffipa-

tion of arfenic, or lofs of weight : the co-

lour of the roafted powder was ferruginous,

with a very weak tinge of green.

(o) After redudlion, a very fmall globule,

fill magnetic, was found among the fcorise,

which were much loaded with iron. Of this

globule we fhall fpeak more at large in § iv.

I, &c.

§ IV. Eliquation of the Regulusfrom the Ore

of Los.

The nickel ore which is got at the mines
at Los, in Helling, was examined and de-
purated in the following way :

(a) The roalling was performed in. the

ufual way.

(b) As was alfo the redudlion.

(c) The regulus was then calcined, and
the powdered charcoal was added by degrees,

until all the arfenical fmoke had ceafed, and
the calx of nickel acquired a deep green co-

lour.

(d) This being reduced, a magnetic re- •

gulus was obtained, which yet, when fufed

with lime and borax, was not obedient to

the
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the magnet, and yielded a fcoria of a deep

blue.

(e) Powder of charcoal was gradually

added, during ten hours, to a regulus of

this fort fufficiently calcined (if this be in-

llantly done, the reguline particles readily

coalefce) by which means a quantity of ar-

fenic was difperfed, and a ferruginous pow-

der, of a colour approaching to green, re-

mained.

(f) After redudion with the black flux,

lime, and borax, the fcorias were tinged partly

with iron, and partly too with the nickel;—

>

the white regulus was ftrongly attraded by

the magnet.

(g) But afterwards, though phlogiflon

was added abundantly to the mafs in the

dilhes, for the fpace of fourteen hours, yet

neither fmoke nor fmell betrayed any fenfi-

ble diffipation of arfenic, nor was the weight

diminifhed j
but, on the contrary, it was

increafed 4 by the roafting ;—the metallic

ferruginous calx was fcarcely green.

(h) After the redudion the regulus was;

femidudile and magnetic.

(i) This, firftfufed with lime and borax,

and afterwards united with that which waS'

mentioned in the preceding (§ iii.^ o)

yielded a white femidudile regulus diftind,

with the colour of green calx, and hyacin-

thine fcoris.

(k) The fame regulus was fufed with

fulphur, and one-half its weight of the mi-
neralized
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neralized mafs, imperfedtly roafted, waS
united by fufion with a portion of the crude

mineral ; this fulphurated nickel, well cal-

cined, and reduced with a double quantity

of black flux, yielded a regulus obedient

to the magnet, which was nearly as refrac-

tory in the fire as forged iron.

As fulphur has a flirong attraction for

nickel, I had hopes that this mineralizing

fubftance, not being fufficient to faturate

both the nickel and the iron, would defert

the latter, and adhere to the former ; by
which means, the iron entering the fcoriie

might be eafily feparated. The following

paragraph will fhew the effeCt of this" con-

jecture.

§ V. Nickel depurated by Sulphuratiout

(a) 800 parts of the regulus of Cronlledt

(§ III.) fufed with fulphur and a fmall

quantity of borax, yielded a mineralized

mafs of a reddifh yellow, amounting to

1700.

(b) One-half of this, when firit expofed

to fire in a roafting difh, began to grow
black, then the heat was increafed until

vegetations arofe; the metallic calx now re-

maining weighed 652.
(c) This half, fufed with borax, and the

other part not burned, yielded a fulphurated

regulus of a whitifh yellow colour, in

weight 1102.

(d) The fame regulus, by a calcination

VoL. II, R which



242 OF NICKEL.
which lafted for four hours, was firfl co-

vered with vegetations, and afterwards, up-
on the addition of powdered charcoal, dif-

fufed a continued odour of arfenie > the

weight of metallic calx, which was of a

dilute green, was 1038.
(e) After reduftion, a whitifh yellow

regulus was found, in weight equal to 594,
femidudtile, highly magnetic, and, at the

fame time, exceeding refradlory.

(f) This was again fufed with fulphur,

which being done, the weight was equal to

S16 ; one-half of which, roafted to green-

nefs, united by means of fire with the other,

ftill fulphurated,and in weight 509, fcarcely

obeyed the magnet. After a calcination of

four hours, during which, by means of

the phlogifton, much arfenie flew off, the

powder put on an afli-colour, a little green-

ilh, in weight 569, which by reduction

yielded a regulus the furface of which was
red, and which, upon breaking, appeared

of a white afh-colour, very friable, equal to

452 ; the fpecific gravity of which was

7>T73o-

(g) The regulus, mineralized a third

time with fulphur, was treated in the fame

way as before with powder of charcoal, fb

long as any veftiges of arfenie remained,

which required a vehement calcination foi

twelve hours. The powder then remaining

was of an afh-green colour, and weighed

364 ; but the regulus obtained by means ol

a redudion, efreded by expofure to a mofl

3 violent



violent heat in a forge for three-quarters of
in hour, was fo refradiory that it only ad-
hered imperfeaiy to the fcoriae, which were
)f a diftindt hyacinthine colour ; nor could
t be reduced to a globule by the addition
)f borax, though urged by the fame vehe-
nence of fire. The abfolute gravity of this
egulus was i8o, but its Ipecific gravity
!,6666; and it not only adhered ftrongly
0 the magnet, but to any other piece of
ron, nay the fmall pieces of it attradled one
nother

; it was befides fo dudtile, that
rom a globule, whofe diameter did not ex-
eed one line, a plate of three lines in dia-
leter and upwards might be obtained by
he hamrner : it was of a whitifh colour,
fixed with a glittering kind of red : dif-
fived in volatile alkali, it yielded a blue
olour, and in nitrous acid a full green.
One hundred parts of the fame regulus,

eaten out into thin plates, after a calcina-
on of four hours, were covered with a
rufi; in appearance martial, under which
'as a green powder, and within a nucleus,
infilling of reguline particles unchanged :

le weight was increafed by 5. The fria-
le matter, reduced to powder, put on a
rownifh green colour, and after a calcina-
on of four hours more, concreted at the
3ttom in the form of a friable blackilh
ufi, which was fiirongly magnetic, and
eighed 100 ; the craft was afterwards
‘niminuted, and roafted for three hours,

K ^ with
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with the addition of powdered charcoal, ye-t

neither were any veftiges of arfenic difco-

vered, nor was the magnetic power deftroy-

ed; but the weight was now 105, and the

colour little changed. This powder, fufed

for an hour with lime and borax, yielded a

regulus of 721b.;' this was red, angular,

femiduftile, and altogether magnetic, the

fpecihc gravity of it was 8,8750* The

fame glo.bule, diffolved in aqua regia, was

indeed precipitated by martial vitriol, as if

loaded with gold ; but the fediment was very

eafily foluble in nitrous acid, hence it ap-

pears not to be gold. But moil; of the re-

guli which we obtained, fhewed no iigns of

precipitation with martial vitriol ;
hence it

clearly appears, that even if gold be fome-

times prefent, yet it is not always the

cafe.

(h) 800 parts of the ore of nickel, which

is found in Saxony at Johan-Georgenftadt,

roafted for fourteen hours, and freed as

much as polTible from arfenic, by means of

powdered charcoal, loft 248 of their weight.

After reduction, and the nrft mineralization

performed in the ufual way, it was remark-

able, that the latter fulphurated regulus,

which before calcination weighed 230, af-

terwards was equal to 242 ; and after ano-

ther fulphuration of the fame kind in tht

laft calcination, had its weight increafec

from 70 to 78 • the regulus laft obtainec

was equal to 27, obedient to the magnet

pofteflin^
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>offefling a fpecific gravity of 7,3 333?
ielding with borax an hyacinthine glafs :

t was with difficulty calcined, but at length

ell into a greeniffi powder, and with ni-

rous acid yielded a folution of the fame

olour.

(i) The procefs of mineralization and
•alcination defcribed in (h), was repeated

vith 100 parts of the ore of Los, and that

vithout any increafe of weight : the regulus

inally obtained was in abfolute gravity i,

n fpecific gravity about 8 ; it tinged borax

if an hyacinthine yellow, and nitrous acid

if a green colour.

§ VI. Nickeldepurated by Hepar Sulphuris.

As it appears from experiment, that co-

)ait is more eafily diffiolved than nickel, by

lepar fulphuris, and that thefe fubftances

nay thus to a certain degree be feparated in

he fire ; a fufpicion arofe, that unequal de-

crees of affinity might produce the fame

^ffedl with iron and nickel.

(a) 58 parts therefore of regulus of nickel,

jvhich had before been fulphurated (§ v. g),

ufed with 1800 of faline hepar fulphuris,

hen diffiolved in warm water, filtered through

paper, and precipitated by an acid, yielded

i powder, which, roafted in a diffi till the

fulphur was confumed, was found of an

affi- colour, and weighed 35,
R

3
^b) The
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(b) The refiduum, which could not be

diflblved in warm water, being freed from

fulphur by means of fire, was alfo of an afh-

colour, and weighed 334.
(c) This refiduum, reduced by the black

flux, yielded a friable regulus, which was

indeed but little magnetic, yet, when fufed

again with borax, exerted that property

(which had before been weakened by the

fulphur) in a higher degree.

(d) The fame experiment was tried with

a calcareous hepar, according to the direc-

tion of Mr. Beaume—viz. calx of nickel,

gypfum, colophony, and white flux, were

taken in equal proportions ; thefe, mixed
and fufed, yielded a powdery, fquamous,

reguline mafs, which, when fufed with bo-

rax, produced a regulus polTefling the pro-

perties of nickel (but not entirely deftitute

of cobalt), which obeyed the magnet, and

even after two folutions in nitrous acid, and

various redudions by fufion with borax,

did not part with its iron ; it alfo retained

the fulphur obftinately.

(e) Regulus of nickel was diflblved, in

the via ficca, by a faline hepar fulphuris,

and upon the addition of a quantity of

nitre, fufficient only to deftroy a fmall part

of the hepar, the regulus which had been

fufpended by it was feparated and fell to

the bottom. This regulus of nickel, up-
on examination, appeared more pure, and

generally, at leafl; for the mofl: part, deprived
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of cobalt, but Hill containing iron. In

like manner nickel is always very diflindily

precipitated by regulus of cobalt, as this

latter is attracted more powerfully by the

hepar fulphuris.

Nickel dilTolved by faline hepar fulphu-

fis in fufion, may be precipitated by the

addition of iron, copper, tin, or lead, and
even by cobalt : the regulus obtained is

fcarcely ever attracted by the magn-et
j but

whoever concludes from thence that no iron

is prefent, will be deceived ; for this metal

(the regulus of nickel), when properly freed

from the heterogeneous matters which im-
pede its adlion, acknowledges the magnet’s

power very plainly.

§ VI t. Nickel depurated by Nitre,

Finally, Nitre, which attracts phlogifton

more powerfully than any other fubftance hi-

therto known, was employed ; it was hoped
that this would more eafily fcorify the he-

terogeneous matters, becaufe nickel feems

both to lofe its phlogifton more flowly, and
to recover it more quickly, than thofe mat-
ters.

(a) One part of Cronftedt’s regulus was
added to twelve of nitre, ignited in a cru-

cible, and kept in an equable degree of heat

for the fpace of an hour ; at firft fome weak
flafhes appeared, probably from the refi-

duum of the fulphur ; afterwards a large

R 4 quantity
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quantity of arfenic was thrown out; finally,

the fides were covered with a blue cruft,

occafioned by the cobalt, and a green matter

remained at the bottom. This fufed again

for an hour, with twelve parts of nitre,

tinged the internal fides of the velfel of a

green colour; and finally a brownifh green

mafs, much lefs in quantity than in the

former operation, was found colledted at the

bottom.

The green matter, treated in the fame way
a third time, for two hours, left a grey fco-

ria at the bottom, which, with black flux,

yielded no regulus.

Another portion of the fame regulus,

fufed with nitre in the fame way, was dif-

folved and became green
;

yet, being freed

from the alkaline fait by means of water,

neither did this yield any regulus with black

flux, but fcoricB of an hyacinthine colour,

mixed with blue ; which tinged nitrous acid

of a green colour, concreted into a jelly,

and upon evaporation left behind a greenifh

calx.

(b) Another portion of Cronftedt’s re-

gulus was kept fome hours in the crucible,

with fixteen parts of nitre ; by this means,

at firft all the arfenic was feparated, then

the phlogifticated nitrous acid flew off, and

finally blueifh green flowers penetrated the

fides of the veffel. The mafs being freed

from alkali by water, and dried, was of a

dilute
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dilute green, and tinged borax of a greenifh

brown.
This was again treated in the fame way

with 12 pc.rts of nitre; and after edulcora-

tion yielded a powder ftill green, which,

reduced with i black flux, 4- lime, and 4
borax, in half an hour yielded a yellowilli

white regulus, both magnetic and malle-

able, and polTeffing all the properties of

nickel ; its fpecific gravity was 9,000. The
inflammable ingredient was ufed in fmall

quantity, that if poflible the iron might en-

ter the fcoriffi.

(c) One part of the ore of los was ftrong-

ly ignited in a crucible, for the fpace of an

hour, with eight parts of nitre, and a deto-

nation more diftindt than with the regulus

took place at firft. The metallic calx, which
was feparated from the faline matter by wa-
ter, was of a brown ferruginous colour,

flmilar to that which is wont to remain

after calcination with charcoal-duft. This
by reduction yielded an alhen-white regulus,

tenacious and magnetic, of the fpecific gra-

vity 8,5573 : the fcorias were black. The
regulus reduced to powder, and fufed with 1

2

parts of nitre, lofi; much cobalt; and yield-

ed a green calx, which, on redudtion with

double its weight of black flux, and |

quick-lime and borax, left nothing but dif-

tinft globules of nickel, tenacious and mag-
nejic.

(d) One
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(d) One part of Cronftedt’s regulus was.

fufed for three hours with 8 parts of nitre,

in a crucible, to the cover of which an open

glafs tube was fo adapted that the afcending

vapour might be colledled there ; the ope-

ration being finifhed, white arfenic was
found in the upper part of the tube ; but in

the lower a powder of a brown afh-colour,

a little green, which tinged borax of an

hyacinthine colour, and yielded a regulus fo

loaded with arfenic as not to be magnetic.

The hdes of the crucible were blue ; but the

faline green mafs at the bottom on elixa-

tion depofited a green calx, which was kept

ignited with 1 2 parts of nitre for the fpace

of an hour, and became partly blue, partly

green ; but afterwards, when only ^ of the

green refiduum was treated in the fame way,

the whole appeared blue
:

yet the green re-

liduum was diifolved in nitrous acid, and
rendered borax of an hyacinthine colour ; fo

that it confifted of nickel furrounded by a

blue cruft.

(e) As the experiments above related

fhew, by means of nitre, the fmalleft traces

of cobalt, which otherwife would be com-
pletely latent, I examined the various nic-

coline products in difties, with the addition

of nitre, under the dome of an aftay fur-

nace : namely, ift. The regulus (§ iv. i.}

which was a little blue. 2d. The re-

gulus previoufly diifolved in volatile alkali

(§ X. A.) which manifefted a confiderable

quantity
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quantity of cobalt that had lain hid before.

3d. The regulus previoully fulphurated,

which afluined a bluifh pellicle. 4th. The
globules (c), which fent* forth a copious

quantity of blue flowers. 5th. The fub-

limate of the preceding article (d), which
fliewed exceeding weak figns of a blue :

and finally, 6th. The hyacinthine fcorice of

nickel, which were of a beautiful blue, yet

contained fo little cobalt that all the colour

could be difcharged from the glafs of borax

tinged by it, by means of the blow-pipe

;

which yet, on the addition of a fmall quan-

tity of nitre, becomes blue : for the nature

of metallic calxes is fuch, that they tinge

glafs the more deeply as they are more
fpoiled of phlogifton ; and, on the contrary,

when they recover their principle of inflam-

mability to a certain degree, all tinge va-

nifhes. The former of thefe eflfedls may be

produced by nitre, the fecond by fufion on
charcoal, provided the calx be fo fmall in

quantity, and fo greedy of phlogifton as to

be faturated by it from the coal ; otherwife

thefe hyacinthine fcorias' tinge acids of a

green colour, and are precipitated like nic-

kel by phiogifticated alkali,.

§ VIII. Nickel depurated by Sal Ammoniac.

As iron is eaflly fublimed by means of
fal ammoniac, it was tried, in the following

manner.
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manner, whether nickel could by this me-
thod be freed from iron.

(a) A calx of nickel, fo much freed from
cobalt as not to tinge borax with the flight-

eft blue, was mixed with double its weight
of fal ammoniac, put into a cucurbit covered

with an head, and expofed to a fire gra-

dually increafed until the glafs grew red :

the bottom was ftained with a very deep

hyacinthine colour, and exhaled flowers,

which adhered to the fides j thefe were
partly alh - coloured, and partly white ;

which laft did not rife fo high as the

former.

The refiduum exhibited two ftrata, the

upper of which was yellow, fquamous, and
Alining, like aurum mofaicum : it yielded

with borax an hyacinthine glafs, but no regu-

lus ; after a few days it liquefied in the air,

acquiring the confiftence of butter, and a

green colour. This refiduum, with warm
water, ftiewed the fame properties and co-

lour as calx of nickel j and the folution,

which was green, became blue with volatile

alkali, but with tindture of galls Ihewed no

veftiges of iron ; a circumftance which alfo

took place in the flowers.

The inferior ftratum contained a calx of

nickel not yet converted into vegetations,

and fomewhat contaminated with marine

acid : the colour was blackilh, and, at the

bottom, of a ferruginous brown. With bo-

rax it yielded an hyacinthine glafs, and a

friable
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friable regulus of a reddifh white, and

Icarcely magnetic.

(b) a part of the inferior ftratum (a),

fublimed with double its quantity of fal

ammoniac, with the fame degree of heat as

before (which precife degree was employed
in the following) yielded an hemifphere of

an hyacinthine colour, and flowers of a very

fine white ; but the refiduum was of a fer-

ruginous brown, greenifli on the upper part

towards the fides of the velfel.

(c) To a portion of the inferior ilra-

tum reduced, was added 20 parts of fal am-
moniac, which were fublimed in a retort ; a

blackilh powder remained, which, as well

as the bottom of the velfel, by calcination

put on a green, and by fcorification an hya-

cinthine colour.

(d) To the powder remaining (c) was
added a double quantity of fal ammoniac,
which was again fublimed extremely white,

and the greenifh mafs which remained was
of a ferruginous brown at the lower part.

(e) Sublimation was performed with the

refiduum of (d) and a double quantity of fal

ammoniac, and yielded as before exceeding

white ammoniacal flowers j and the refidu-

um, which was very green, was altogether

like a calx of nickel diifolved with the

fame colour in nitrous acid, and by reduc-

tion yielded a regulus of nickel, white, brit-

tle, and very little magnetic.

In
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In each fublimation the volatile alkali

rofe firft, then fal ammoniac, and finally a
portion of marine acid came over into the

receiver.

§ IX. Nickel depurated in the humid Way
by nitrous -Acid.

After fo many experiments made by the

via ficca, many others were tried in the way
of folution, beginning with the cryftallized

fait, (which, being compofed of nitrous acid

and nickel, lhall be called nitrated nickel)

by which, if poffible, the iron being de-

phlogifticated, would feparate from its men-
firuum.

(a) Nitrated nickel, fprinkled during

calcination with charcoal-duft, fent forth a

large quantity of arfenic, and after reduc-

tion yielded a regulus, grey, femi-du6tile,

and magnetic.

(b) This being again diflblved in nitrous

acid, precipitated by fixed alkali, and re-

duced, yielded a brittle regulus.

(c) The fame being a third time dif-

folved, yielded a regulus femi-du6lile and
magnetic.

(d) This operation was repeated a fourth

time.

(e) The regulus, when diflblved a fifth

time, was fo much diminilhed, that the

white calx obtained by precipitation could

not be any farther examined.

In
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In all thefe folutions a blackifh refidimm

prefented itfelf, which, when fuffered to re-

main in the acid, grew white by degrees ;

but when edulcorated, and laid on a burning

coal, exhaled a fulphureous fmoke, and left

a black powder foluble in nitrous acid.

§ X. Nickel depurated by Means of ‘volatile

Alkali,

In order to difcover the efFedl of cauftic

volatile alkali, in depurating nickel, a por-

tion of the regulus of Cronftedt, diiTolved in

nitrous acid, precipitated by fixed alkali,

edulcorated, and dried, was treated in the

following manner :

(a) 487 parts of this calx, immerfed in

a fuperabundance of volatile alkali, after

twenty-four hours yielded a refiduum =
50, of a blackifh green, and a folution of
a blue colour, v/hich, when filtered and in-

fpiffated to drynefs, yielded a powder of a

light blue colour — 282 : this, reduced

with black flux, produced a regulus, white,

femi-du6tile, and highly magnetic, ” 3 5, and
whofe fpeciflc gravity v^as 7,0000 : the fco-

ria which remained was a light red, but,

mixed with borax, put on an hyacinthine

colour, which yielded a regulus ra 30.
This regulus, united with the former by
means of fire, was very refradlory, fo that

even with the addition of borax it could

not be fufed by the blow-pipe : during cal-

cination.
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cination, with an abundant addition of char-
coal-duft, it did not fend forth a fmell either

arfenical or fulphureous : in a following

redudion it yielded an hyacinthine fcoria,

and the remaining flocculi, diffolved in ni-

trous acid, formed a very green folution,

which, upon addition of volatile alkali, let

fall a powder of the fame colour.

(b) From 50 parts of the blackifh green

refiduum was obtained a regulus of a clear

white colour, brittle, fquamous, but little

magnetic, =: 13, and of a fpecific gra-

vity = 9>3333* A fcoria of an obfcurely

blue colour, the upper part of it hyacin-

thine, was found at the bottom of the vef-

fel. The regulus was eafily fufed, and tinged

borax firft of a blue, then of an hyacinthine

colour, upon which it grew more ftrongly

magnetic : by the affiftance of heat it dif-

folved in nitrous acid, and was of a beauti-

ful blue. During this folution a black pow-
der appeared, which firft floated lik^ floc-

culi, but became white, and fell to the bot-

tom ; and after edulcoration, being expofed

to the fire, was for the mofl part difllpated

with a fulphureous fmell ; but there ftill re-

mained at the bottom a little mafs of a

brown colour, foluble in volatile alkali :

this folution was precipitated by phlogifti-

cated alkali, and a powder thrown down of

the colour of calx of nickel ; this foon grew
blue with volatile alkali.

Hence,
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Hence, therefore, it appears, that nickel

is ealily and totally dilfolved in the volatile

alkLdi, unlefs the efficacy of the menfiruunl

be obftrudted by the prefence of fulphur,

§ XI. Nickel can fcarcely be obtained in a

State offerfedi Funity.

Upon confidering all the eXpCririients

above . related, it eafily .appears, that it is

fcarcely poffible to obtain a perfed; and
compleat purification of nickel from all

heterogeriedus mixture, by any means, at

leaf!:, hitherto knowil. The fulphur is with
difficulty expelled by calcinations and folii-

tions (§ III. L f IX. and x.) ; arfenic ad-

heres ftill more ftrongly (§ iii. and iv.), but
by means of charcoal-duff and nitre is en-

tirely expelled (§ iii. N * vii. b) ; cobalt

adheres the mofi; pertinacioufly of all, for by
the addition of nitre its prefence has been

deteded even in pro^Uds where it could not

by any other method. No doubt its quan-
tity had been fo much diminillied by the

nitre, that in folution it was totally im-
perceptible (§ VII. d), would fcarcely tinge

borax, and the tinge which is communicated
is difcharged with the blow-pipe, by the

phlogifton of the charcoal ; all which cir-

cumftances (as the colour of cobalt is very

rich) demonftrate its being prefent in ex-

ceedingly fmall quantity (§ vii. e) : but I

am the rather inclined to think, that even

VoL. II. S this
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this fmall portion may be feparated j be-

caufe it is certain that the laft produdtions

of the blue colour are not to be afcribed to

cobalt but to manganefe, as we fhall demon-
llrate more clearly hereafter (§ xii.)

j
yet in

pradtice the feparation is extremely trouble-

fome; for thefe reliquiae, extracted by the

nitre, envelop the nickel itfelf (which in

this operation becomes very fpongy) and

adhere fo clofely to it, that mechanically

they cannot polTibly be feparated, and fcarce-

ly by menftrua, as both the fubftances are

thereby diflblved : by fire too they enter the

fcorias; at leaft in thefe tvv^o methods fo little

difference is difcernible, that unlefs a large

quantity together be fubjedled to the ope-

ration, all the nickel vanifhes together wdth
the cobalt.

In the prefent cafe then the iron alone re-

mains, and the quantity of this cannot be

diminiflaed beyond certain limits ; the mag-
net readily dilcovers its prefence, and not

only the reguli, tried in different ways, rea-

dily adhere to it, but fome of them adlually

acquire a magnetic power (§ v. g), acircum-
flance highly worthy of obfervation : but the

tenacity and difficulty of fufion, which in-

creafe the more as the operations are longer-

continued upon the nickel, plainly fhew
that no hope remains of feparating the iron j.

fo that neither the fcorifications, nor the fal

am^noniac (§ viii.), nor the nitre, nor the

nitrous acid (§ ix.), nor, finally, the volatile

alkali
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alkali (§ x.), have efFefted this purpofe; al-

though Juncker fays, that nitre attacks iron

fo powerfully that from a pound of fteel

filings, detonated with an equal quantity of

nitre, then fufed and elixated, no more than

half an ounce of crocus is obtained.

Befides thefe heterogeneous matters, bif-

muth is alfo fometimes prefent^ but this is

very eafily feparated } for if the folutions

made in acids be fufficiently diluted with
water, the menftruum is fo much weakened,

and the calx of bifmuth falls to the bottom
like a white powder.

§ XII. Whether Nickel be a diJiinSi Metal.

It may now be properly enquired, whe-
ther nickel be a diftindt metal, or whether
it be a mixture made by the hands of na-

ture, from others intimately united ?—We
have already obferved that arfenic, copper.

Cobalt, and iron, have been by various au-

thors confidered as its proximate principles.

With refpedt to arfenic, we may very

fafely exclude it from the numbei*, as the

experiments above defcribed Ihew that it

may be entirely expelled.

It cannot be doubted but that copper is

prefent in fome ores of nickel, and there-

fore may eafily be mixed with the regu-

lus ; but the greater number are entirely

without it. It is true that nickel is totally

foluble in volatile alkali, and that this fo^r

S 2 lution
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lution is of a blue colour (§ x. b) ; but if

this argument held, there would be nothing

found here but copper ; and if this were the

cafe very different phaenomena would ap-

pear from thofe which the nickel produces.

That both thefe fubflances form with vola-

tile alkali folutions of tlie fame colour, no

more proves the identity of thefe fubflances,

than does the yellownefs of the folution

both of gold and iron in aqua regia, prove

the identity of thofe metals. Nickel and cop-

per agree alfo in this property, that they are

both precipitated from acids, and from vo-

latile alkali, by iron ; but in the manner of

this precipitation a confiderable difference

appears. Let a piece of polifhed iron be

plunged into a folution of nickel, and a yel-

low pellicle of nickel will by degrees ad-

here to it ; which difappears upon touching,

and foon grows black, unlefs the acid be

well faturated or fufficiently diluted with

water. A fimilar precipitation is obferved

if zinc be ufed infiead of iron ; but in fo-

lution of copper fo much diluted that the

precipitation on iron may be nearly fimilar

to that of nickel, zinc is immediately co-

vered with a cruft of the colour of moun-
tain brafs.

The experiments above defcribed fufH-

ciently fhew that cobalt does not belong to

the elfence of nickel (§ x. xiii. k)
;
yet to

thefe we fhall add the following :—Nickel,

diffolved in hepar fulphuris, is precipitated

by
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by cobalt i with Vv'hat
.

juflice then can we
affirm them to be one and the fame ? In the

fame way, nickel tinging borax or micro-
cofmic fait, in the via hcca is thrown down
by the addition of a proper quantity of cop-
per ; but this is not the cafe with cobalt.

Thefe circumdances are fo remarkable as of

themfelves to baniffi all doubt. But with
the acids a remarkable difference condantly

occurs— iff. Cobalt tinges all thefe menftrua

of a red colour, and yields cryftals either of
a yellow or bluiffi red ; but nickel produces

folutions and concretions of a fine green ;

it fometimes happens indeed that the red fo-

lutions yield greenifh cryftals ; but this is

to be attributed to nickel mixed in fmall

proportion with the cobalt. 2d, Cobalt,

united vrith marine acid, affords a fympa-
thetic ink ; but depurated nickel does not.

3d, Cobalt, diffolved in volatile alkali, is red;

but nickel, diffolved in the fame alkali, is

blue. 4th, Cobalt does not, like nickel, fe-

parate, upon the addition of arfenical acid,

a powder difficultly foluble. Many other

points of difference there are, which may be

paffed over in filence.

Iron therefore only remains ; and indeed

there are many and weighty reafons which
induce us to think that nickel, cobalt, and
manganefe, are perhaps to be confidered in

no other light than modifications of iron.

And firfi:—in general we obferve, that un-
equal portions of phlogifton, united to the

S 7 fame
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fame iron, change its qualities in a remark-

able manner : for inftance, how very much
do the different kinds of iron and fleel dif-

fer ? It is then to be obferved, that nickel.

Cobalt, and manganefe, whate^^er operations

they may be fubjedled to, are fo far from

being deprived of iron, that on the contrary

they thereby become more dudtile, mag'*^

netic, and refractory. Again, the various^co-

lours which nickel, cobalt, and manganefe

exhibit, both by folution and by fire, are

alfo exhibited by iron. Cobalt and manga-
nefe occafion a red colour in acids, and the

latter in glafs ; nickel and manganefe occa-

fion an hyacinthine colour when fufed witl^

borax ; a green is produced in acids by
nickel, as alfo by its calx, and by manganefe

(m), when long and ftrongly calcined
j and it

often leaves behind a fcoria of the fame co-

lour, if the reduction be performed with a,

faline flux. Finally, cobalt occafions a blue

or rather a violet colour in glafs j and the

fame is true of manganefe diffolved in fixed,

and nickel in volatile alkali.

Iron too exhibits all thefe varieties ; for

the acids take up this metal of a green co-

lour, fo long as it contains a certain quan-

tity of phlogifton j but, in proportion to the

diminution of this principle, a yellow, a red,

or a brownilh red colour is produced. It

tinges glafs, in the fame manner, green, yel-

low, black, or red. If expofed to the fire for

many hours together, with nitre, the bot-

7 ton>
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tom and ddes of the crucible, it is true, tran-

fude faline flowers, either blue, greenifli

blue, or greenifl> purple ; but an effloref-

cence of the fame kind is occafioned by
nitre alone ; for this fait, by a long-con-

tinued fire, penetrates the vefiels, and im-
mediately upon contadl of ignited phlo-

gifton is decompofed, and the alkaline efflo-

refcences are made blue by the manganefe,

which is always prefent in the circumjacent

alhes i thefe verge more to a green in pro-

portion as the crocus martis is more co-
'

pious i befldes, iron itfelf is often found

mixed with manganefe.

From hence, therefore, it appears, that

the blue flowers, which were expelled from
nickel by means of nitre, are the produce

of manganefe, as thefe impart to glafs no-

thing of the cobalt colour ; befldes, in the

mineral kingdom we find the nephritic, frneg-

matic, ferpentine flones, and jafpers, clays

called from their colour te7-res verdes^ and

other green ftones, lapis laziiliy native Pruf-

lian blues and other blue ftones, together

with many diverfities of yellow and red, all

deriving their colour from iron.

Whoever rightly confiders thefe circum-
ftances will think it not an improbable con-

jecture, that thefe femi-metals are derived

from iron, of which they cannot be entirely

deprived ; and from hence will take occa-

fion to examine this opinion by new experi-

ments and obfervations, which may either

S 4 ferve
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ferve to efl.ablifh or overturn it. In tht^

mean time we (liould be carefully on our
guard againft fuch glimmering lights, which
are generally fallacious. So long as no one
is able to produce any of thefe metallic

bodies from pure iron, and to explain, in a

clear and intelligible way, the procefs by
which manganefe, cobalt, or nickel, may at

pleafure be generated, fuch vague fufpicions

muft give way to phaenomena and properties

which are conftant, and the fubftances them-
felves continue to be conhdered of an origin

altogether diftinft and peculiar to them-
felves. It is fufficient for our purpofes^

that thefe metals pofTefs diflindl properties,

and alwayS' preferve their own peculiar na-

ture, until we {hall be better indrudled by

faithful analyfis and fynthefis. There is no
doubt that many metals, which have been a

long time known and acknowledged to be

diflindt fubftances, would fcarcely have en-

dured more fevere trials than nickel does.

By the fame rule, therefore, fuch metals

may be alledged to be compounded. If the

genefis of natural productions was to be

eftablifhed by fancied metamorphofis, the

whole truth and certainty of natural philo-'

fophy muftfoon be overturned. So long as

plaufible conjedtures are fubftituted for opi-

nions formed on the fure bafe of experi-

ment, we fliall always embrace the lhadow

for the fubftance.

I
XIII. Syn--
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§ XIII. Synthetical Experiments.

Although the fynthetical experiments

which I undertook with intent to difcover

the origin of nickel, were in that view in-

effedtual, yet I think it proper to relate the

principal of them, that the way may be

inore eafy to others. The fpecific gravity

of the copper, iron, cobalt, and white

arfenic, employed, were 9,3243, 8,3678,

8,1500, and 4,0000, refpedively.

(a) Equal parts of copper and iron,

pnited by fuiion with black flux, yielded a

red mafs, whofe fpecific gravity was 8,5441,
which tinged nitrous acid firfl; blue, then

green, afterwards yellow, and at length an

opake brown.

(b) Two parts copper, and one of iron,

united, had a fpecific gravity equal to 8,4634.
The mixture yielded firfl a blue, then a

green folution.

(c) Equal parts of copper, iron, and co-

balt, yielded a regulus of the fpecific gravity

8,0300, which imparts to the menflruum a

brown colour.

(d) One part of copper, one of iron, and

two of arfenic, formed a brittle mixture of

a fpecific gravity equal to 8,0468, which
formed a blue folution.

(e) One part of copper, one of iron, two
of cobalt, and two of white arfenic, yielded

a brittle compofiticn of a fpecific gravity

equal
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equal to 8,4186, which gave a brovvnilh

red folution', and in part precipitated fpon-

taneoufly.

(f) One part of copper, one of iron, four

of cobalt, and two of white arfenic, united

by fulion, formed a mafs of fpecific gravity

equal to 8,5714 : the regulus, diflfolved in

nitrous acid, was as in (e), but more red.

(g) One part of copper, one of iron, four

of cobalt, and two of white arfenic, acquired

a fpecific gravity equal to 8,2941 j they'

were dilTolvcd with a red colour, and de-

pofited a fediment.

(h) One part of iron, and four of white

arfenic, fufed, were difiblved with a yellow

colour ; and, on the addition of phloglfti-.

cated alkali, immediately yielded a Pruffian

blue.

All thefe mixtures, expofed to the fire,

left a calx, not green, like that of nickel,

but brown, black, or ferruginous.

(i) One part of copper, eight of iron,

fixteen of white arfenic, and four of ful-

phur, united by fire, on the addition of

black flux, yielded a mafs, which, though
frequently calcined and reduced, yielded no-

thing but a ferruginous or brown calx :

with nitrous acid it acquired a greennefs,

but on the addition of phlogifticated al-

kali, depofited a Pruffian blue.

(k) Many experiments were alfo tried in

the way of folution ; one of which it will

be fufficient to mention.

One
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One part of iron was diffolved in fix of

nitrous acid, and alfo feparated by one part

of copper, and one of the calcined ore of

cobalt, in the fame quantity of the fame
acidj then the whole of the folution of iron

was mixed with five parts of the folution of

copper, whence a green and faturated nickel

colour was formed, which, however, upon
the addition of three par,ts of the folution ^

of cobalt, was evidently obfcured : the al-

kaline lixivium was dropped into this, by
which at firfi: a ferruginous brown fediment

fell, the folution ftill remaining green ; but

afterwards all the blue was precipitated, by
which at firfi: all colour was deftroyed

;

but afterwards a red appeared, occafioned by
the cobalt diffolved in the alkaline fait.

The fediment, when reduced, yielded a re-

gulus fimilar to copper, and dudtile, which
tinged both glafs and nitrous acid of a blue

colour.

If a faturated folution of nickel be mixed
with half its quantity of folution of co-

balt, the green colour is much obfcured ;

but four parts ofithe former, upon the addi-

tion of three of the latter, put off all ap-

pearances of nickel.

§ XIV. Properties of depurated Nickel.

I have not been able to determine accu-

rately what are the properties of nickel when
perfectly pure, as the perpetual prefence of

iron
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iron in fome refpe(ft obfcures its pro-
perties.

(a) The fpecific gravity cannot be afcer-

tained, efpecially as the quantity of iron is

unknown. Let us fuppofe that the purell

nickel we can obtain, contains of iron a

weight =,p, and of real nickel = q ; as alfo

that the fpecific gravity of the former in-

gredient is f, of the latter n, and of the mix-
ture a j then, from the known laws of hy-

droftatics
^ f 4.

~
qV_ a p

- Now it appears by

experiment, that the weight of iron is more
increafed by calcination than that of any

other metal, even to 0,36 : fmce then the

calx of purified nickel increafes (§ iv. g),
if one half be afcribed to the nickel, as

much mufi; neceflarily belong to the iron :

befides, let f the increment be fubtradted, as

owing to the charcoal- duft, neverthelefs the

refiduum fhews that more than 4 confifts

of iron. Let therefore p = i, f= 8,000,

a = 9,000 (§ VII. b), q will be — 2, and

n = 9,600. The data of this calculation

were fo taken, that the value of n Ihould

come out lefs than the truth
; for the in-

crement of the nickel is put equal to that

of the iron, which is hardly probable ; then

the quantity of iron is eftimated only at |,

although it is certainly greater ; and finally,

I of the increment is afcribed to the char-

coal-dufi, although other experiments fhew

that it adds little or nothing to the weight;

hence therefore we conclude, that the true

fpecific
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Ipecific gravity of nickel is not lefs than

9,000 at leaf!:. The calculation indeed fup-

poles that the bulk remains unchanged in the

mixture, v/hich is a thing that rarely hap-

pens j but the error thence arifing never ex-

ceeds 0,7, fo far as is yet known, and per-

haps, in the prefent cafe, is rather to be

added than fubtradled.

If a fmall portion of gold entered the

compohtion, the greatnefs of the weight

might thence be explained ; but although

this metal is almoft always abfent, as we
have before obferved (§ v. g), yet thirty-

fix parts of it, forty-eight of iron, and one

of copper, were formed by fulion into a

globule, the fpecific gravity of which was

8,8571, but was little foluble in nitrous

acid
j
yet, after lying two hours in the men-

ftruum, the gold was to be feen plainly, and
wdth volatile alkali, the menftruum yielded

nothing but a ferruginous brown precipi-

tate, which in the fire put on the appearance

of roafted iron ; in all v/hich particulars it

differs from nickel.

(b) The folutions of n'ickel in all the

acids are of a green colour. The vitriolic

acid takes up the calx, and forms a green

decaedral fait, of an aluminous compreffed

figure, the two oppolite apices truncated ;

this acid fcarcely attacked the regulus but

by evaporation todrynefs. The nitrous acid,

by the afliftance of heat, diffolves both the

calx and the regulus, and forms blueifh-

green
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green cryftals, fpathofe and deliquefcent.

The marine acid diffolves both the regnlus

and the calx, but llowly, and not without

the affiftance of heat. Both nitrated and
falited nickel, when frefh, deliquefce ; but

by long continuance in a free and warm air>

gradually lofe their acid, fo that at length a

green calx of nickel, mixed with iron and
arfenic, remains behind. Acid of arfenicj

with the calx of nickel, concretes into a

green faline mafs; but with the regulus it

feparates a faline powder difficult of folu-

tion. The fluor acid forms with calx of

nickel (which it does not eafily diffiolve)

cryftals of a dilute green. The acid of

borax fcarce diffolves nickel diredlly, but
takes it up by means of a double eleftive

attradlion. Vinegar forms with the calx

fpathofe cryftals of an intenfely green co-

lour : it is fcarcely diffolved by acid of tar-

tar, at leaft this menftruum is not tinged

by it. Acid of fugar changes both the

regulus and the calx to a white powder^

not eafily foluble in water. The acid of

phofphorus has but little attrailion for the

calx of nickel, with which it does not form
cryftals, nay the folution is fcarcely green.

The acid of ants, by decodlion or long di-

geftion, attacks the newly-precipitated calx j

for the folution is green, and upon evapo-

ration yields cryftals of a deep green colour ;

thefe are hemifpherical, formed of filaments

diverging from a center, and pellucid ; they

reje(^
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rejedl fpiritof wine, and are fcarcely foluble

in water, unlefs it be iharpentd by an acid.

Lemon-juicQf does not feem to adt at all

upon nickel.

All the, acids are tinged of a very deep

colour, and this property of nickel is ex-

tremely powerful ; for the firfl; regulus (d),

as well as that which is highly depurated,

occafions thefe tinges. This great richnefs

of colour agrees well with the idea of a

large quantity of matter in a fmall bulk.

Volatile alkali diffolves nickel, and the

folution is blue ; the fixed alkali difiblves

very fparingly, and forms a yellow folu-

tion.

(c) In proportion as nickel is more pure^

it is the more difficult of fufion, fo that

when at its great degree of purity it re-

quires for fufion nearly as great a degree of

heat as forged iron : it is eafily fufed with

other metals, but its fcarcity has prevented

us from examining the phenomena arifing

from hence. In general, hov/ever, we may
remark, that the impure regulus cannot

unite with filver : this rnuft be attributed

to the cobalt which it contains 5 for when
well freed from that metal, it eafily unites

in equal proportions with the filver, and

that without any remarkable diminution ei-

ther of whitenefs or dudtility. This mixture,

fufed with borax, tinges it of an hyacin-

thine colour. Copper unites more flov/ly

with
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with depurated nickel, yielding a red ancr

duftile metallic mafs, which tinges bora^^

of a reddifh hyacinthine colour. With an

equal or even a greater bulk of tin, nothing

is produced but a brittle mafs ;
in which

refpe6t alfo nickel differs from cobalt. It

could not be amalgamated with mercury
by trituration. Depurated nickel melts

with tin, and forms a brittle compound.
It may feem doubtful, whether nickel is

to be enumerated among the dudtile or the

brittle metals. Iron, when fufed, is almofl

always brittle, fo that its dudtility, when
united with nickel, is very re.markable.

(d) Depurated nickel is with great diffi-

culty calcined in the ordinary w'ay in the

affay-furnace, and affumes only a brown co-

lour ; but by means of nitre it is more com-
pleatly dephlogifticated, and becomes green.

The metallic calx, vitrified with borax,"

produces an hyacinthine tinge, w’hich yet;

if occafioned by a regulus not well depu-

rated, vaniffies on continuing the fire, the

glafs remaining being altogether colourlefs,

and upon the addition of nitre only a flight

blue tinge is produced. A calx of well-de-

purated regulus of nickel forms a permanent
colour. The calx of nickel communicates*

alfo to microcofmic fait an hyacinthine co-

lour, which, by long-continued fufion on

charcoal, may indeed be weakened, but

hardly entirely difcharged : this colour, on
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the addition of nitre, changes to a violet,

and on increafing the quantity of microcof-

mic fait, becomes again hyacinthine. If

the calx of nickel be added to faturation,

the fufed glafs appears of a blood colour, but

upon cooling grows more and more yel-

low.

VoL. II. T DISSER-



DISSERTATION XXL

O F

arsenic.

§ I . Hijiorical IntroduEiion,

RSENIC is found in the bowels ofr\ the earth, either in a metallic form
or calcined, or finally, intimately, and in
the way of folution, united with fulphur

;

this diverfity could not efcape the firfi: dif-
coverers, and hence their opinions concern-
ing its true nature were ftrangely contra-
didrory for a long time.

We are entirely ignorant at what time it

began to be diftinguiihed from other mine-
rals, and when it received the name which
it flill continues to bear. It is extremely
probable that this fubflance was firfi; difco-
vered by thole who wrought in the roafting
and fufing of ores, betraying itfelf by its

white
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white fmoak, its garlic fmell, and its per-

nicious effedls in depraving metals and de-

ftroying animal life. Ariftotle mentions the

lav^cipix.x'l i his difciple Theophradiis

Erelius fpeaks of Appsvino;, which was called

ApssviKOQ by Diofcorides and others, who
lived about the beginning of the Chriflian

$ra. But thefe denominations compre-
hended only thofe minerals which by Pliny,

and other Latin authors, are called fandarach

and orpiment. Avicenna, a chemift of the

eleventh century, who, fo far as we know,
was the firfl; who diftributed minerals into

ftones, metals, falts, and fulphurs, not only

fpeaks of white arfenic, but, what is re-

markable, of its fublimate. Theophradus
is the laft who mentions the regulus, al-

though he had before referred fandarach and
orpiment to the metallic ftones. It is un-
known who firft reduced white arlenic to

a metallic form. Paracelfus, in his Ma-
nual, afterts that arfenic, fublimed with
lime of egg-fhells, becomes like filver j

and in the year 1675, Lemeri deferibed a

method of fubliming arfenic with fixed

alkali and foap ; but in the year 1649, J.
Schroder mentions the regulus eliquated

from arfenic or orpiment by means of white

flux, charcoal -duft, and iron : he quotes

Cloffsus, but does not give the title of the

work. In the Pharmacopoeia 1644, this

procefs is not to be found.

T 2 Avicenna*
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Avicenna, and many after him, even to

our times, place arfenic among the ful-

phurs : Albertus Magnus and others, among
the faline bodies : Beecher confiders it as a

foap, or a faline fulphureous body. Indeed,

as white arfenic is foluble in water, it is

plain that it contains fomething faline, al-

though no appearance of fuch a thing can

be difcovered either in the regulus alone or

in its mineralized Hate. That this faline

fubftance is of an acid nature, plainly ap-

pears from its ready union with alkalis,

efpecially as the celebrated Macquer’s ex-

periments fhew, that neutral cryflailizable

falts may be generated from thence } but

until our countryman Mr. Scheele’s time,

no one had been able to extradl this acid

in its pure Hate, and the ingenious inventor

has lately defcribed the method he pur-

fued.

As to the fulphureous nature of arfenic,

which fome perfons ftrenuoufly infill; upon,

it rnuft be confefied that the regulus itfelf,

nay even orpiment and realgar, are inflam-

mable } a circumilance which however does

not take place with refpedt to white arfenic.

If therefore the fulphureous quality is to

be determined from a Angle property (in the

fame way as the faline) it appears that it is

only competent to arfenic in a certain Hate.

But befldes arfenic, zinc and feveral other

bodies, which are eafily inflammable, are not

however from thence to be denominated ful-

phureous,
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phureous, unlefs we will confine that appel-

lation to the quantity and connexion of

phlogifton adapted to inflammation.

It is commonly faid that arfenic minerti-

lizes metals, and therefore it is confidered

as a fulphur by fome, who yet extend the

idea of mineralization fo far, as under it to

comprehend all mixtures, whereof a metal

forms a part ; but if we examine this figni-

fication a little more accurately, we fhall

eafily fee that it is extended too far for if

this be admitted, we muft at the fame tifne

allow that no native metal is to be found ;

thus the gold, which is called native, is

fcarce ever perfedtly pure, but is mixed
more or lefs with filver or copper. In the

fame way filver is mixed with gold or cop-

per
j

platina with iron ; copper Vv^ith gold,

filver, or iron ; nickel with cobalt, &c. If

therefore arfenic, which, unlefs in its regii-

line flate, never diflblves other metals (§ vi.

a), be confidered as a mineralizing fub-

llance, what hinders us from faying that

gold is mineralized by filver and copper,

and in general every metal mineralized by
another ? Beyond doubt, the fame reafon

holds good in all. With much lefs appear-

ance of truth can we fay, that metals are

mineralized by earths, as thefe latter are

fcarce ever, except mechanically, mixed with

the ores.

It is much more conformable to reafon

and experience, to call thofe metals mine-^

T 3
ralized
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ralized which are dilTolved, and aftually

concealed by a menftruum. Sulphur is the

chief agent employed by nature for this

purpofe ; and although the acids of vitriol,

of nitre, of phofphorus, and fometimes even

the aerial acid, occafion the metals to put
on an appearance foreign to their nature,

yet the number of thefe is fo fmall, that,

compared with the fulphurated minerals,

they almoft vanifh.

But the idea of a mineralizing arfenic,''

perhaps, is to be- fought for further. This
mineral, fo troublefome to the mineralogift,

occafioned the alchemifts to fufpecfl the

exiflence of a certain arfenical principle in-

difpenfably necelfary to the perfection of

every metal ; a fufpicion occafioned by their

llrenuous endeavours, during the procefs of

their great work, to difcover, by the moft
fubtile ratiocinations, the true compolition

of metals. Even fo late as the year 1773,
the Royal Academy of Sciences at Berlin pro-

pofed the following problem : arfenico

in jnineris prcefente e^.ciat natura ? Num ido-

7ieis evinci queat experimentis quod metalla re

neera pcrficiat ? Etji ita, quomodo <£? quoiijque

hoc Jiat ^ The premium was adjudged to

the anfwer of the celebrated Monnet, in

which he, with great ingenuity and truth,

confiders arfenic as a femi-metal differing

from all others ; which is fo far from con-
ftituting an effential part of the texture of

metals, that it unqucftionably is often totally

abfent.
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abfent, and when prefen t, is always attended

by inconveniencies, either carrying it off in

its departure, or fpoiling the mafs. Cer-

tainly good copper is, though not without

difficulty, eliquated from the grey ore j and

filver, equally perfedl, is obtained from the

vitreous as from the red ore. No one as

yet has been able to perfedl any metal

by means of arfenic, and if it be acci-

dentally found mixed with others, it no
more contributes to their goodnefs, than

the lead in galena is ufeful to the filver,

or the lilver to the lead. If recourfe be had

to an arfenical principle fo fubtile as to

evade the obfervation of our fenfes, let us

leave that fubjedt to be difcuffed by its au-

thors.

All thefe conliderations, however juft, do
not prevent us from afferting, that the acid

of arfenic, like other acids, is a mineralizing

fubftance, when at any time, in a difen-

eao-ed ftate, it meets with a metal in the

bowels of the earth, and in that form unites

with it.

Among the chemifts who have laboured

during this century to difcover the proper-

ties of arfenic, the celebrated Brandt muft

not be omitted, he being either the firft who
obferved many of them, or at leaft the mod;

accurate in their defcrintion. Mr. Pott has
X

publiffied a learned treatife on orpiment

;

T. G. Lehman, another on the fandarach of

T 4 the
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the ancients ; and many other books there

are upon the fame fubjed;.

§ II. Reguline Arfenic.

Arfenic is found in a metallic form, in

Bohemia, Hungary, Saxony, Hercynia, and

elfewhere, but particularly at St. Marieaux

mines in Alfatia, where not long fince

many hundreds of it were extradted. In

Germany it is called Schoerbencobolt, and

frequently Fliegenftein or Muckenpulver,

but for what reafon I know not, as it is not

foluble in water, and therefore, unlefs when
dephlogiilicated, is not at all proper for the

purpofe alluded to by the name ; perhaps

by fpontaneous calcination it becomes fo

much dephlogiilicated as to acquire a degree

of folubility.

As to its form, it is often found fhapelefs,

friable, and powdery, but fometimes com-
padl, divided into thick convex lamella,

with a needle-formed or micaceous fur-

face. It admits of a polifh, which yet is

foon loft in the air.

When frelli broken, it appears compofed
of fmall needle-like grains, with a leaden

colour, which yet foon grows yellow, and

by degrees blackifh ; in hardnefs it feems

to exceed copper, in brittlenefs to equal

antimony.

A regulus
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A regulus may alfo artificially be procured

from white arfenic, either by fubliraing it

with oil, black flux, or other phlogiftic ad-

ditaments ; or fufing it with double its

weight of foap and pot-aflies ; or, finally,

precipitating it by fome other metal from
orpiment or fandarach, fufed with fulphur

and fixed alkali. That which is obtained

by the fir ft of thefe methods has a cryltal-

line form, more or lefs regular, oftaedral,

pyramidal, or even prifmatic. Sometimes
the artificial regulus is fold in thick cakes;

its fpecific gravity is 8,310, and therefore a

cubic inch weighs about 43,19 drachms
avoirdupois.

The mineral commonly called mifpickel,

is juftly reckoned a regulus, as, when totally

deprived of fulphur, it confifts of arfenic and
iron united in a metallic form ; and al-

though the latter amounts to i, or fome-
times even to 4, yet the compound is not

magnetic : this, when ignited, fends forth

an arfenical fmell, and is thus foon rendered

magnetic, although the operation be per-

formed on a tile, without any phlogiften : it

eafily flows in the fire, and in clofe vef-

fels the greater part of the regulus of arfenic

rifes, leaving the iron at the bottom ; a

compound of this kind may alfo be artifi-

cially made.

Reguline arfenic is far more volatile, and
lofes its phlogifton more eafily, than any

other metal, and therefore it cannot be

fufed.
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fufed, as for that purpofe a greater degree of

heat is neceffary than what is fufficient to

calcine, volatilize, and inflame it. In open

veiTels it begins to fend forth a vifible

fmoke, in a degree of heat = 180° of the

Swedifh thermometer : in order to inflame

it, the regulus muft be dropped into a

veffel of a proper degree of heat, for if the

heat be gradually increafed, the metal is

volatilized
^
the ncceflfary degree mufl: there-

fore be infliantaneoufly applied. The flame

is of an obfcure whitifh blue, diffuflng a

white fmoke, and a garlic fmell ; in clofe

velfels it retains its metallic nature, and ex-

pofed to the fire is fublimed in a determinate

figure.

§ III. Habits of Reguline Arfenic mixed in

the Via Sicca with other Subfances.

(a) Arfenic in a reguline form, added to

metals in fufion, melts with many of them,

but thereby thofe which were malleable

become brittle ; fuch of them as flow with
difficulty when alone, become more fufible

by means of arfenic ; but thofe which foon

liquefy (at leaft tin) become more refrac-

tory ; thofe which are yellow or reddifli are

made whiter, according to the quantity of
arfenic; and fuch as are white acquire a grey

colour, tin excepted, which by this means
acquires a permanent and fhining whitenefs,

and
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and by fulion is able to retain f its own
weight; nor does it fpoil the colour of platina

when united with it. Gold fufed in a clofe

veffcl takes up fcarcely filver I, lead

copper 4-, and iron more than its own weight.

Iron, by means of a large quantity of this

metal, lofes its magnetic power, but it is

difficult to determine exadfly how much is

fufficient for this purpofe (as fome of the

iron always enters the fcoria) ; but un-
boubtedly lefs than an equal quantity is

fufficient. Bifmuth retains about -V, zinc

4, regulus of antimony -f, and manganefe an

equal quantity. Nickel and cobalt receive

fome arfenic, and that not a little ; but the

qiuantity can hardly be determined, as thefe

metals are fcarce ever got pure. Regulus
of arfenic, in a fufficient degree of heat,

and by triture of feveral hours, adlually

takes up 4 of its own weight of mercury,

and forms a grey amalgam.

By means of heat in an open veffiel the

arfenic may be again expelled, but flying

off it generally carries with it fome of the

metal with which it is united, gold and
filver not excepted, if the degree of heat be

great and fuddenly applied
;
yet platina per-

fedly refills the volatilization, nay, being

very difficult of fufion, it even retains a

portion of the arfenic.

(b) Regulus of arfenic cannot be united

by fufion with alkaline falts until the phlo-

gifton is fufficiently diminilhed ; if, there-

jfcre.
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fore, the regulus be added to nitre in fufion,
after detonation they both eafily unite, and
the compound comes out exadly fimilar
to that made with white arfenic (§ vi. b).

(c) Regulus of arfenic, expofed to diftil-

lation with the dry acid of arfenic (§ v.), ;

fublimes before it can be adted upon by the
acid, which muft be firfl; melted j but the
regulus, when put into the acid in fufion,

foon takes fire, and fends forth a white
fmoke ; for the acid, being deprived of its

phlogifion in this inftance, feparates that
principle from the regulus, and takes it to

itfelf in fuch quantity as to regenerate white
arfenic ; and on the other hand, the regulus,
by means of the fire, is fo far fpoiled of its

phlogifton, as to appear in the form of a

calx.

(d) This regulus, in difiillation with
corrofive fublimate, yields a fmoking but-
ter, with a fmall quantity of mercurius dul-
cis and quickfilver. In this cafe the prin-
ciples are changed ; by means of a double
eledlive attradlion, the regulus of arfenic

yields its phlogifton to the bafe of the cor-
rofive fublimate, which being thereby really

calcined, is reduced into perfedt mercury,
while the marine acid takes up the calx of
the arfenic.

(e) Sulphur eafily diffolves the regulus;
and by fufion and fublimation yields yel-

low or red compounds, according to the

different proportion (§ x. b). Hepar ful-

phuris
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phuris takes up the regulus ; but this laft

adheres to it fo loofely, that it is precipitated

by every other metal which can unite with

the hepar.

§ IV. Habits of Regulus of Arfenic, united

by the Via humida ‘with other Subfances.

(a) Water alone has no efFedt in this

cafe.

(b) Vitriolic acid does not attack the

regulus, unlefs concentrated and afTifted by
fire. The inflammable part of the regulus

phlogifticating the acid flies off, fo that the

remaining part affumes the nature of white

arfenic, and with menffrua exhibits the

fame properties as any other metallic

calx.

The fame is true of nitrous acid, except

that it attracts the phlogiflon more vehe-

mently.

Marine acid has fcarcely any effedl, un-

iefs when boiling.

Acid of arfenic, which fliall be fpoken of

hereafter (§ v.)-, by digeflion changes the

regulus into a white calx, and is itfelf al-

together changed (by means of the phlogif-

ton which it has taken) into a calx, pro-

vided the phlogiflon be in due quantity.

The other acids I pafs over, as entirely

refufing to unite fo long as the reguline

form remains ; for no metal, except when
more or lefs deprived of phlogiflon, can be

diffolved
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dilTolved in acids. This impediment is very
eafily removed by the nitrous acid, but very
difficultly by marine, as it abounds in phlo-
gifton itfelf. In this cafe, therefore, the
fame compounds are produced with the re-
gulus, as thofe with white arfenic, defcribed
in § VII. c.

It miift here be obferved, that folutions
of the native regulus always yield a Pruffian
blue withphlogifticatedalkalij which evinces
the p refence of iron.

Befides, if is to be obferved, that the re-
gulus plainly precipitates certain metals dif-
folved in acids, fuch are gold and platina in
aqua regia, and alfo lilver and mercury in
vitriolic or nitrous acid. The filver gene-
rally appears in beautiful poliffied fpiculse,
like the Arbor Dianse but if the arfenic be
fuffered to Hand long in the nitrous folu-
tion, but little diluted, the filver fpiculas are
again dilTolved, the arfenic becoming in the
mean time dephlogillicated. Solutions of
bifmuth and antimony are but obfcurely
rendered turbid.

Arfenic and iron naturally united, as in the
mifpickel, may be feparated by digeftion with
marine acid or aqua regia j for the former
menftruum in this way only attacks the
iron ; and the latter, although it can dif-
folve^ both, yet is not able to touch the
arfenic fo long as any iron remains. In or-
der, however, that all the arfenic may re-

main alone at the bottom, a very fubtile

3 pulverization



OF ARSENIC. 287

pulverization is neceffary, together with a

juft quantity and ftrength of the menftru-

um, and heat muft alfo be carefully avoided.

(c) The alkalis operate more flowly in

the humid than the dry method, as, before

a real union takes place, the phlogifton muft
be diminiftied. A faline hepar, by boiling,

attacks the pulverized regulus ; for that

which is precipitated by an acid, yields by
fublimation a true orpiment.

(d) The fatty oils, when boiling, dif-

folve the regulus, and form a black mafs of

the confiftence of a plafter.

§ V. Calcined Arfenlc.

The regulus, with a very gentle heat,

lofes fo much of its phlogifton that it flies

off in a white fmoke y yet all the metallic

calxes retain much of their inflammable

principle, although not fufficient to give

them a metallic appearance. The following

experiments will plainly ftiew, that this is

true alfo of arfenic ;—Let calcined arfenic,

moiftened with nitrous acid, be expofed to

heat, and a copious red vapour will break

forth, which, collected, exceeds the arfenic

four or five times in bulk j and, upon ex-

amination, is found to be no other than that

which by the celebrated Prieftley is called

nitrous air ; however, this always abouuds
in phlogifton, and fcarcely contains any

thing elfe, 'except a fmall portion of ni-

trous
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trous acid, dilated into an elaftic fluid by
the abundance of phlogiflion. In this cafe

the inflammable principle can be derived

from no other fource than the arfenic ; and
we fhall foon have occaflon to take notice

of other proofs.
{

The native calx of arfenic occurs but fel-

dom in Saxony and Bohemia ; but is found
copioufly in thofe places where the ores of

cobalt are roafted, and is collected in the

long and winding wooden tubes ufed in that

operation. This fmoke is found fo loaded

with phlogifton, that it appears grey^ but is

foon made white by fublimation, either with
or without pot-afhes. This calx is volatile,

but lefs fo than the femi-metal itfelf, for it

requires at leaft a degree of 195“. If in a clofe

veflel it be raifed by a fire a little higher,

it becomes pellucid like glafs. In the air

its furface foon contracts a white opacity j

but that which is found cryftallized in the

bowels of the earth, is not fubjedt to this

change. The fpecific gravity of white arfe-

nic is 3,706, and that of the glafs about

5,000.

It (lowly excites upon the tongue an acid

fubdulcid tafte.

White arfenic is in reality nothing elfe

but an acid different from all known acids,

and loaded with fuch a quantity of phlo-

gifton as is fufiicient to coagulate it. 100

parts of white arfenic contain at leaft 20 of

phlogifton ; and whatever is capable of fe-

parating
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parating fo much, is capable of leaving the

acid pure. This acid (which has been exa-

mined particularly in another place) is of
itfelf fixed, but when made red hot decom-
pofes the matter of heat, gains phlogiftori.

from thence, and regenerates white arfenic,

which, loaded to faturation with phlogifton,

becomes reguline. The dry acid, expofed

to a moift air, deliquefces and falls totally

into a limpid liquor, containing fo much
water as is necelfary to the folution of the

acid in a moderate temperature, that is t of

its own weight.

It is highly probable that all the metals

are only different acids coagulated by a

large quantity of phlogiflon, although the

connection of thofe principles is fo clofe that

we are hitherto ignorant of the means of fepa-

rating them. The metallic calxes always

contain more or lefs phlogifton, and mofl of
them alfo contain aerial acid, which they take

from the furrounding air in place of their

loft phlogifton, and pertinacioufly retain it

;

yet fome calxes feem always to be free from
that acid, although precipitated by aerated

alkali
: ft is alfo certain that white arfenic

is free from it. But this doCtrine will be
more fully illuftrated in another place. In
the mean time it appears from hence what
opinion is to be formed of the falts and ful-

pnurs of metals, although the ideas of the

ancients upon this fubjeCl occafioii much
obfcurity.

VoL. II. U Hence
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Hence alfo it appears why earths and me-

tallic calxes fix arfenic. Nickel and cobalt

generally abound with arfenic, which can-

not be expelled by calcination alone; fot

when a great part is diffipated by the fotce

of the fire, the reft either gradually lofes its

phlogifton and adheres like a fixed acid, or

is united by fufion with the metallic earths;

but powder of charcoal being added during

the calcination, immediately a large quanti-

ty of finoke breaks forth, which fmells like

garlic, and is nothing elfe but the arfenical

acid reduced by phlogifton to the form of

a calx.

§ VI. Properties of calcined Arfenic mixed by

the Via Sicca with other Subfances.

(a) White arfenic fufes with the fame

metals as the regulus does, but in a manner

fomewhat different : it is true that no calx, as

fuch, can be united with metals ; but ne-

verthelefs the calx of arfenic added to them,

when fufed in a crucible, readily unites with

them ; but let it be remembered, that it is

reduced by the phlogifton of the fufed metal

;

therefore, when the metal is an imperfed one,

fcoriae alfo arife, confifting of the calcined

part of the metal and white arfenic.

(b) White arfenic injeded into fufed

nitre excites a violent intumefcence and ef-

fervefcence, but without any fcintillatiofi

;

if this addition be continued until a new

2 portion
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portion excites no motion, and the mafs be

then well fufed, the product is called arfe-

nic fixed by nitre. During this operation

the nitrous acid is volatilized by the phlo-

gifton of the metallic calx, and the arfenical

acid, being difengaged, unites with the bafe

of the nitre ; however, cryftals are not ob-
tained, becaufe by means of the vehemence
of the fire the alkali is fuperabundant ; but

by a juft proportion of alkali and a due de-

gree of heat cryftals may be produced
j

for

the vegetable alkali requires a flight fuper-

abundance of arfenical acid in order to pro-
duce cryftals ; this neceflary fuperabundanc©

may alfo be preferved in a crucible, provided

the fire be fo regulated that the bottom may
be fcarcely red j it fucceeds better however
in diflillation.

The refidua of the diflillations, performed

with an equal portion of prifmatic, cubic,

or flaming nitre, all yield arfenicated alkali,

which, after folution in water, may be cryf-

tallized. It is vulgarly fuppofed that thefe

cryftals cannot be decompofed by other

acids, but erroneoufly. It is evident that

though upon the addition of another acid

the alkaline bafe unites with it, yet the acid

of arfenic, being itfelf foluble, will yield no

precipitation, nor even occafion a turbid-

nefs ; from the want of turbidnefs nothing

as yet has been eflimated but the cohefive

force of the compound : but the error arifes

from hence, that cheqaifts have fuppofed

U 2 th^t
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that white arfenic enters thofe falts, when irl

reality it is only the acid. Therefore, in

order the more clearly to difcern the event,

we Ihottld dilTolve the arfenicated vegetable

alkali (the neutral arfenieal fait of Mr. Mac-
quer) in vitriolic acid ; this being done, let

the neutral fait be precipitated with highly-

redtified fpirit of wine^ and walked, which
is very ealily done, for the vitriolated vege-

table alkali is not at all, and the arfenicated

vegetable alkali, but very fparingly, foluble

in this fpirit. The fait feparated in this

manner from the difengaged acid is foon

diftinguilhable, and in this inftance exhi-

bits all the properties of vitriolated vege-

table alkali : this, therefore, is undoubtedly

a decompofition of the arfenieal fait by way
of folution i here the alkali has no effedt,

as it is itfelf unable to precipitate. But the

nature of thefe falts will elfewhere bemore
accurately examined.

The digeftive fait, common fait, and fal

ammoniac, are not changed by arfenic ; the

reafon of which undoubtedly is, that the

marine acid is naturally loaded with phlo-

gifton.

(c) Corrofive fuhlimate, diftilled with
white arfenic, afeends unchanged, whatever

proportions be employed . Mr. Pott long lince

obferved, that in this cafe no butter of arfe-

nic arifes ; and certainly no fuch can arife,

as the calx of arfenic attracts the marine

acid with lefs force than the calx of the

IQ mercury
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mercury does. Let butter of arfenic mixed
with calx of mercury be expofed to diftilla-

tion ; at firft, before the whole can be de-

compofed, a little of the butter is elevated,

but foon after a corrolive fublimate rifes,

and finally a white arfenic.

(d) Fixed alkali with white arfenic

melts in the fire almofi; in the fame way as

nitre, only the phlogifton flies off more
flowly. Cauftic vegetable alkali, ignited in

a clofe velTel, fixes about double its quan-
tity of white arfenic ;

' but the mineral al-

kali fixes nearly triple. Cauftic volatile al-

kali, drawn from white arfenic to drynefs

two or three times repeatedly, becomes at

length fo clofely united to it that the . mafs
bears fufion by means of fire.

Terra ponderofa and calcareous earth,

fpoiled of the aerial acid by roafting, retain,

on ignition in clofe velTels, about an equal

quantity of arfenic ; but magnefia, pure

clay, and filiceous earth, fcarcely any.

(e) Sulphur eafily unites with white
arfenic, reduces and mineralizes it; hence
this compound always diffufes a moft pene-
trating odour of volatile vitriolic acid ; for

a portion of the fulphur yields to the calx

of the arfenic a great quantity of phlogifton.

See alfo § viii. ix. and x.

Saline hepar alfo dilTolves white arfenic,

but more readily attacks the regulus.

Equal quantities of fulphur, crude arfe-

nic, and w^iite arfenic, unite by fufion in a

U 3 clofe
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clofe veiTel, and generate the lapis de tribusy
which is alfo called pyrmifon or arfenical
magnet ; this is red and fometimes tranf-
parent.

§ VII. Properties of calcined Arfenic mixed by
Solution with other Subjiances.

(a) 8o parts of diftillcd water, in an heat
of 15", diliblve one of white arfenic, and
when boiling 1 5 parts ofwater are fufficient,
But the arfenic, when once diffolved, is more
eafily retained than taken up j fo that in a
moderate heat 1 5 parts can hold one fuf-
pended a long time j the fame is true of the
other folutions. Solution of arfenic changes,
the deep tindture of turnfole to a red colour,
but, like other metallic folutions, makes fy^
rup of violets green i it is not changed by
neutral falts, but is precipitated by moft
metallic falts, and that in fuch a way that
the metallic calxes, united with the arfenic,
fall (though flowly) to the bottom.

It may be afked, whether the whole of
the arfenic, or only the arfenical acid, unites
with the metallic calx, yielding the phlo-
gifton to the menftruum of the other metal ?

Certainly fuch a mutual commutation of
principles does not appear improbable, if we
confider only thofe cafes in which the men-
^ruum is vitriolic or nitrous acid ; but as
iron (for example) united with marine acid
(which does not attrad: the phlogidon of

white
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white arfenic) as well as when it is joined to

nitrous acid, is precipitated, it would appear

that the whole of the arfenic is united, at

lead: in certain cafes, to the metallic calxes,

(b) 70 or 80 parts of fpirit of wine, by
jneans of a boiling heat, dilTolve one of
arfenic,

(c) Concentrated vitriolic acid, boiled

with white arfenic, dilTolves a fmall portion

of it, which yet upon cooling it again de-

pofits in the form of cryftalline grains : this

vitriol dilTolves in water with much greater

difficulty than white arfenic itfelf j expofed

to the flame of a blow-pipe, it foon emits a

white fmoke, but at the fame time is form-
ed by fufion into a globule, which at firffi

bubbles, but foon grows quiet, and aU
though of a white heat is but flowly con-

fumed : the white arfenic quickly flies off,

not being capable of enduring fufion, and
much lefs ignition.

If the affufed acid be evaporated to dry-

nefs, the repetition of this operation fixes

the arfenic more and more, by carrying off

the phlogiflon, but fcarcely exhibits the

arfenical acid pure.

The fame thing happens with the nitrous

acid i when diluted it diffolves the calx,

which on cryflallization appears nearly under

the form of white arfenic, but in its nature is

a true middle metallic fait, which is diffi-

cultly foluble in water, and expofed to flame

upon charcoal exhibits the fame phaenome-

U 4 na
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na with thofe exhibited by the vitriol of
arfenic above mentioned, but is confumed
fomewhat more quickly.

Concentrated nitrous acid deprives the
calx of its phlogifton more effeftually

; and
by a proper quantity, if evaporated to dry-,

nefs, the calx may be brought to fuch a
ftate that the acid alone fhall remain. That
fubftance which is commonly called gum of
arfenic, is nothing but arfenic more or lefs

dephlogifticated, but always more fo than
white arfenic.

The marine acid contains phlogiflon as

one of its principles, it therefore attacks
white arfenic in a different way : when con-
centrated and boiling it diffolves -f its own
weight, of which no fmall portion again
fpontaneoufly feparates upon cooling, but is

faturated with marine acid, This fait,

which may alfo be had in a cryftalline form,
is much more volatile than the former, nor
does it by any means endure ignition

; in a

clofe veffel it all readily fublimes, and is

fparingly foluble in boiling water (§ ix. d.).
This folution is of a fine yellow, and
fcarcely differs from butter of arfenic ex-
cept in its degree of concentration. The
very nature of marine acid prevents the acid
of arfenic from being difengaged by its

means
j which yet is eafily made to appear, if

to a folution of white arfenic in boiling ma-
rine acid, be added double the weight of
nitrous acid ; the liquor being then evapo-

rat ed
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rated to drynefs, the arfenical acid will re-

main, which, in order to free it from any

foreign acid, Ihould be urged by fire until it

begins to be ignited: by this method 100
parts of white arfenic yield about 80 of dry

acid. In this operation the nitrous acid adls

more readily upon the phlogifton of the

white arfenic than when it is poured on the

powdered arfenic ; as in the former cafe the

folution effects a more perfedl divifion of the

arfenic : hence it alfo appears why white
arfenic is diflblved in greater quantity, and

without any fubfequent cryllallization, by
aqua regia than by any other acid.

The phlogifticated alkali precipitates

metals difiblved in acids, yet leaves arfe-

nic nearly untouched, both in vitriolic and
nitrous acids, and in aqua regia ; which
happens either from the fmall quantity of

the matter difihlved, or from its nature

being changed. From the marine acid it fe-

parates arfenic of a white colour : in this

cafe error is carefully to be avoided, for the

folution may be precipitated by water alone,

unlefs the quantity of marine acid be large ;

befides, the difengaged alkali, which is fre-

quently found in this lixivium, rnuli be fa-

turated by the acid.

Marine acid is dephlogifticated by di-

geftion with manganefe, and is refolved into

a red vapour, which in a clofe vefl’el fpoils

a certain quantity of white arfenic, difiblved

in water, of its inflammable principle, fo that
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the vefl'el is found to contain feparately wi-
ter, acid of arfenic, and marine acid rege-
nerated j the firft of thefe may be obtained
alone by evaporation to drynefs.

^

T. he power of the other acids upon arle-
nic has not yet been fufficiently examined.
The acids of arfenic and of fluor diffolve
it, and form cryftalline grains •, and that
fedative fait has the fame effed: I hardly en-
tertain a doubt ; although it mull be con-
feffed that borax, tvhich is faturated with
that acid, does not precipitate arfenic dif-
folved in water. The acid of fugar eafily
takes up white arfenic, and yields prifmatic
cryftals ; the fame is nearly true of the acid
of tartar ; vinegar, and the acids of ants and
of phofphorus, alfo attack it, and yield cryf,
talline grains, which are fcarcely foluble in
water, nor have they yet been found to con-
trad any union with that fluid in the way of
deliquefcence,

From what has been faid it appears plain-
ly, that folutions of arfenic made in acids,
in certain cafes depart from their ufual
nature ; which W'e have already (hewn to be
owing to the adherence of the phlogifton
being fo loofe that the acid of arfenic is rea-
dily fet at liberty.

(d) The fixed alkalis diflblved in \yater
take up white arfenic j and if by means of
heat they be loaded with it, a brown tena-
cious mafs is produced, which acquires (b-
lidity, is of a difagreeable fmell, and is called

hepar
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hepar arfenici. The arfenic is partly preci-

pitated by mineral acids, though a portion of

it gradually lofes its phlqgiilon and adheres

more tenacioufly,

A folution made with volatile alkali

feems to effedt this decompofition more rea-

dily, as no precipitation is occaiioned in it

by acids.

(e) a limpid folution of faline hepar,

dropped gently into a folution of white ar-

fenic, floats, forming upon the furface a

grey flratum, which at length difturbs the

whole of the liquor.

(f) White arfenic, diflhlved in water by
the afliftance of heat, attacks fome metals,

particularly copper, iron, and zinc, nay the

two lafl: folutions yield cryflials by evapora-

tion. Thefe compounds are not vifibly

changed either by acid or alkaline fub-

llances. Volatile alkali does not difcover

the copper by a blue colour, nor in the

.martial folution does phlogiflicated alkali

occafion any blue fediment. The caufe of

thefe phaenomena is to be fought for in the

fuperabundance of phlogiflon ; for the acid

of arfenic takes up all metals united with

copper it is diflblved by the volatile alkali

with a blue colour, and joined with iron it

exhibits Pruflian blue in the ufual way : the

phlogifton which coagulates the acid into

white arfenic, is the fubilance which in

thefe mixtures conftitutes the only material

difference.

§ viii.
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§ VIII. Mineralized Arfenic.

We have already obferved that arfenic,

both reguline and calcined, may be united
with fulphur (§ iii. vi). Nature fponta-
neoully produces thefe mineralizations yel-
low or red, fometimes pellucid and cryftal-

line; the yellow feem to alFed a lamellated

form, the red a prifmatic.

In the roafled heaps of arfenical ores,

there frequently are found beautiful cryftals,

partly tetraedral, partly odtaedral, fome of
which are hollow pyramids trigonal or te-

tragonal, each triangle being compofed of
filaments refpedtively parallel to the fides :

thus an hollow trigonal pyramid, frequently
filled up with lefler pyramids continually
decreafing in fize, forms a tetraedrum

^ but
8 tetraedra, properly difpofed, form an oc-
taedron. Thus in the via ficca is formed a

firuiture entirely fimilar to that which com-
mon fait, digefiive fait, and perhaps all

others, afiume in the way of folution.

Iron at the fame time entering thefe mi-
neralizations, renders the colour white, to-

gether with a pol idled and metallic appear-
ance. To this clafs belong the ores, which
are commonly called white or arfenical

pyrites. Arfenic with fulphurated filver

forms the red ore of filver, and with ful-

phurated filver and copper, the white or

grey
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grey ore of filver j it appears to be only

mechanically mixed with the cryftallized

ores of tin, and the calcined ores of co-

balt.

The fpecific gravity of orpiment is 5,315,
but that of realgar about 3,225.

Orpiment and realgar fublime totally in

a gentle heat, unlefs they be mixed with

other fubftances
;
yet they fuftain fufion, and

the former of them is thence made red.

The arfenical pyrites yields a fublimatemore

or lefs white, in proportion to the quantity

of fulphur ; but the greater part of it does

not fublime, but remains at the bottom.

§ IX. Properties ofmineralized Arfentc mixed

by the Via Sicca with other Subjiances,

(a) Of thofe metals which readily unite

with fulphur and arfenic, a certain quantity

may be united with orpiment and realgar.

We have already mentioned the ftone called

pyrmifon (§ vi. e), and many other ores

of this kind (§ viii.), which may alfo be
artificially imitated. Silver, mineralized by
fufion with orpiment, yields the red ore of
filver. The reft may be formed flill more
eafily.

(b) Nitre is alkalized by mineralized ar-

fenic, for it detonates partly with the ful-

phur, partly with the arfenic, which when
mineralized is always found in a form nearly

reguline.
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reguline. The alkali thus difengaged,

forms a fal polychreft with the acid of the
fulphur, or unites intimately with the ar-

fenic (§ VI. d).

(c) Fixed alkali, added in proper quan-
tity, either to orpiment or realgar, and ex-
pofed to a fubliming heat, fixes the fulphur,
but difeharges the greateft part of the ar-

fenic
;

yet the hepatic mafs retains a frnall

quantity of it, and if the alkali abounds,
fcarce any of the arfenic rifes.

(d) Orpiment, on difiillation with dou-
ble or triple its quantity of corrofive fubli-

mate, yields two liquids which refufe toj

mix i at length, on increafing the heat, a|

cinnabar arifes. In the recipient, a butter
of arfenic is found at the bottom, pellucid,

of a ferruginous brown, which in the open
air at firft fends copioufly forth a vifible

white fmoke, and attracts the moifture of
the atmofphere, by which it is gradually

precipitated. The genefis of the butter haS

been already explained (§iii. d; vi. c); it

is very remarkable that it unites with marine
acid fo flowly, that they feem to repel one'

another, nor can they be made to unite be-;^

yond a certain degree. Diftilled water added
|:

to the butter precipitates a white powder,
jj

which though ever fo well wafhed, retains
|

fomewhat of acidity ; for a portion of butter

of arfenic is yielded on diftillation j a cir-

cumftance which is alfo true of Algarotti’s

powder. The fmoke alFedts the organ of
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fmell with a peculiar penetrating odour,

fomewhat refembling that of phlogifticated

vitriolic acid, and depohts white flowers.

The fupernatant liquor, which authors

compare to oil, is yellowifli and pellucid

;

with water and fpirit of wine it quickly

feparates a white arfenical powder ; is not

difturbed by the flronger acids } with alkalis

it effervefces, and is precipitated. If it be

kept in a cucurbit with a long neck, and

unftopped, white flowers gradually concrete

round the orifice ; thefe are lax, and fome-

times approaching to a cryftalline form.

Finally, by fpontaneous evaporation pellu-

cid cryftals appear at the bottom of the

liquor, which are very difficultly foluble in

boiling water, but when diflblved, precipi-

tate filver from nitrous acid, and on the ad-

dition of an alkali, let fall fome arfenic.

In lime-water a white cloud flowly fur-

rounds them ; expofed to the fire, they

neither decrepitate nor lofe their tranfpa-

rency, but totally fublime without any ar-

fenical fmell, which yet immediately ap-

pears, if ignited phlogifton comes into con-

tadt with them. No traces of mercury ap-

pear in this liquor, either by alkali or

copper ; undoubtedly, if any fublimate was

prefent, it would remain in the water after

the precipitation of the arlenic. Terra pon-
'derofa, dilTolved in marine acid, and dropped

into this liquor, does not form even the

flighted
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flighteft congrumation, fo that there is no
vitriolic acid prefent.

From what has been faid it appears, that

the fupernatant liquor is no other than a

very dilute butter of arfenic, which, on ac-

count of the water, contains lefs arfenic.

The butter contains the acid in its highefl

degree of concentration, and therefore loaded

with a larger quantity of arfenic ; the former
liquor will therefore be more abundantly
obtained, if the mixture of corrofive fub-

limate and arfenic be fet to ftand a night in

a cellar, or moiftened with water, before it

is fubjefted to diftillation. As the common
marine acid can diffolve only a determinate

quantity of the butter, it follows, that what
remains after compleat faturation ihould

totally refufe to mix. Marine acid too much
diluted precipitates the butter ; but in pro-

portion as it is ftronger, it diffolves a greater

quantity.

§ X. Properties of mineralized Arfenic

snixed by Solution with other Subfances.

(a) Water has no effedt on mineralized

arfenic.

(b) The acids operate according to cir-

cumftances, efpecially the nitrous acid and
aqua regia ; the former menftruum, if con-

centrated, foon deftroys the red colour of

realgar, but does not alfedt the yellownefs

of
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of orpiment, for its primary aftion is to

calcine the arfenic, which in realgar tnufl

neceffarily change the red colour to a yel-

low.

Aqua regia, by long digeftion, takes up
the arfenic, but fo as to leave the fulphur

alone at the bottom j hence we may difco-

ver the proportion of fulphur to arfenic. But
this operation mufh be ilcilfully performed,

left on the one hand, by the inertnefs or

infufficient quantity of the menftruum*
fome part which Ihould be taken away re-

main untouched ; or, on the other, left that

portion which ftiould remain entire be di-

minifhed. The colour of the refiduum

ought to be altogether grey, for fo long as

any yellow particles remain mixed with it,

fome of the arfenic alfo remains. By too

much heat, or too long boiling, efpecially

if the nitrous acid be ftrong, more or lefs

of the fulphur is alfo deftroyed ; for the

nitrous acid takes away the principle of in-

flammability from the vitriolic, fo as to fet

the latter at liberty.

If iron be prefent in the mineralization,

it is all dilTolved in virtue of its fuperiof

attradlion before the arfenic is adted upon,

unlefs it be too much calcined during the

operation, either by heat, by the accefs of

air, or by the great power of the men^
ftruum.

The red ore of filver is compleatly de-

compofed by aqua fortis, which takes up
VoL, IL X the
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the filver and the arfenic, fo that the fulphur
alone remains at the bottom ; by this me-
thod, 100 parts of the tranfparent cryftals

yield about 60 of filver, 27 of arfenic, and

13 of fulphur; iron is not always prefent.
The white ore of filver, firft treated with

aqua fortis, lets fall the filver and copper,
and then yields the remainder of the arfenic

to aqua regia, fo that at length the fulphur
may be obtained pure : the diffolved filver

may be precipitated by copper.
(c) Cauftic fixed alkali, boiled in water

with orpiment, yields a foetid hepatic folu-
tion, called by fome a fympathetic ink.

Orpiment boiled in water, with double
the weight of quick-lime, affords a liquor
which may be employed for proving wines ;

in this cafe the hepar calcis operates. Thefe
folutions, upon the addition of acids, depo-
fit both the fulphur and the arfenic.

(d) Oils too, aflifted by heat, difiblve

both orpiment and realgar. '

§ XI. Ufes of Arfenic.

Concerning the ufes of this metallic fub-
ftance, we can onjy treat in a very flight
way.

It can hardly be doubted but that it may
be applied to valuable purpofes in medi-
cine, and experiments have long fince put
that matter entirely out of doubt ; but with
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refpeil both to its doTe and preparation, the

utmofl caution is neceffary. From, the pro-

perties difclofed by the foregoing experi-

ments, it appears that this mod; virulent of

all poifons adls in the manner of an highly

corroiive acid, and that even externally

(§ V.). Since then phlogiiton and alkalis

are the mod: powerful correctors of acid

acrimony, it will readily occur how it may
be mitigated, and its deleterious elfeCts ob-
viated. Hence too it appears why realgar

is lefs noxious, why the regulus is milder

than white arfenic, and this again milder

than the dry acid ; and why the baths of

Carlbbadj which contain a mineral alkali

only, united with aerial acid, are extremely

Ufeful in difeafes occadoned by arfenic ;

why arfenic, taken internally without the

necedary correction, occafions by its irri-

tating quality convuldve motions, among
other fymptoms, both in the ftomach and

other parts of the body. To pafs over other

matters, which from the chemical analyfis

of arfenic might be ufeful in the praClice of

medicine, this only I add, that of all the

metals arfenic m.od; eadly lofes its phlogiftoii

(§ II.)
j therefore we daould be cautious in

confiding to phlogiftic correctors, as the

phlogiflon may be feparated in the vifcera

by many different ways. The inftance of a

man poifoned by arfenic, who was diffeCted

in the anatomical theatre at Upfal, fliewed

that the penetrating garlic fmell may be

X 2 excited



excited fimply by a tendency to the putre-

factive fermentation.

The piilothrum turcicum contains orpi-

ment, among other fubflances ; but its de-

pilatory power is perhaps more properly

aferibed to the cauitic alkali.

Philofophers are wont to evince the ex-

traordinary porolity of bodies, and the won-
derful fubtilty of vapours, by the fympa-

thetic ink (§ x. c.)

;

for writing made with

vinegar of litharge, by itfelf invilible, ex-

pofed to the vapour of this liquor, becomes

in a few minutes of a brown colour, even

though a great many folds of paper be in-

terpofed.

Wines naturally acid, or grown fo by
age, ftill continue to be edulcorated by lead,

notwithftanding the punilhments attending

the detection of this fraud : it is therefore

of great confequence to be in pofleffion of

an eafy method of difeovering fuch a fo-

phiftication. For this purpofe the proba-

tory liquor (§ x. c.) is commonly employ-

ed ; for this, when dropped into pure wine,

occafions nothing but a yellow precipitate,

but when the wine is adulterated, a brown
or black. This may alfo be done by a

faiine hepar ;
but fraud and avarice have

contrived methods of eluding this proof,

uniefs chemiftry lend its affiftance j for if a

fmail quantity of chalk be contained in the

wine, the faiine hepar fails, for the white

calcareous earth falling, diminifhes the

blacknefs.
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blacknefs. A large proportion of tartar,

renders the probatory liquor ineffediive, as

the tartareous acid forms with the lime a

white fait very difficult of folution.

Arfenic fometimes enters metallic com-
pofitions, efpecially copper and tin ; but it

is much to be wifhed that fuch compofi-
tions were baniffied, at leaft from the kitchen.

Shot made of lead is fometimes hardened by
orpiment..

Regulus of arfenic enters into the compo-
fition of Mender’s phofphorus. The power
of the calx in vitrification was long fince

known to Geber, and therefore it is fre-

quently employed in glafs-houfes, either for

facilitating fufion, for acquiring a certain

degree of opacity^ or, finally, for carrying

off phlogifton. The method in which
mountain cryftals, placed over orpiment,

white arfenic, crude antimony, and fal am-
moniac, mixed in a crucible, are tinged by
means of heat, is defcribed by Neri, and
upon trial this is found to be true ; I have

thus obtained ihefe cryftals beautifully

marked with red, yellow, and opal fpots,

but at the fame time' cracked, which could

fcarcely be avoided.

In painting too the artifts fometimes em-
ploy arfenic. Painters in oil frequently ufe

both orpiment and realgar.; and it is pro-
bable that wood covered with a pigment
mixed with white arfenic, would not be

liable to be fpoiled by worms. A moft

X 3 beautiful
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beautiful green pigment may be precipitated

from blue vitriol, by means of white arfenic

diffolved in water, together with vegetable

alkali ; this, prepared either with water or

oil, affords a colour which fuflfers no change

in many years. The playthings of children,

however, fhould not be painted with this or

any other preparation of arfenic, on account

of their cuflom of putting every thing into

their mouths.

D I S S E R.



PISSEHTATION XXII.

OF THE

ORES OF ZINC.

§ I. Jlijiorical IntroduBion.

T H E femi-metal, which at prefent is

called Zinc, was not known fo much
^8 by name to the ancient Greeks and Ara-

bians. The name which it bears at prefent

firft occurs in Theophraftus Paracelfus [a) ;

but no one as yet has been able to difcover

the origin of this appellation. A. G. Agri-

cola calls it contrefeyn {i>)

;

Boyle, fpel-

trum (f) : by others it is denominated fpe-

auter, and Indian tin {d). Albertus Mag°

(a) In operibus, paiJim.

(i) De re metallica.

(r) Ponderab, flammse.

{d) Fceda trifida chymica.

X 4 nuSj
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nus, more properly called Bolftadt, who
died in 1280 [e), is the fird: who makes ex-
prefs mention of this femi-metal. He calls

it golden marcafite, afferts that it approaches
to a metallic nature, and relates that it is

inflammable. However, as zinc is white,
the name ofgolden marcafite is not very pro-
per i it would therefore appear probable,
that it derives that name from the golden
colour which it communicates to copper,
had not Albertus exprefsly faid, that cop-
per united with golden marcafite becomes
white ; but he has probably either mif-
underflood or mifreprefented what he had
heard related by others. It may alfo hap-
pen that zinc was formerly thought to con-
tain gold, J. Matthefius, in 1562 men-
tioned a white and a red zinc {/) ; but the

yellownefs and rednefs are only to he un-
derflood of the ores. Hollandus, Bafil Va-
lentine, Aldrovandus, Cafius, Casfalpinus,

Fallopius, and Schroeder, obferve a pro-
, " found filence on that head (g).

The eaflern Indians have long fince been
in pofTeflion of the method of extrafting

pure zinc from the ore, at leafl, in the

courfe of the lafl century. This metal was
brought from thence to Europe. Jungius
mentions the importation of zinc from Inv

(e) In libro mineralium.

(/) Sarepta.

(g) Pott onZinc.

dia,
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dia, in 1647 (/j) : a metal of this kind, un-
der the name of tutenag, is ftill brought

from thence, which muft be carefully dif-

tinguiflied from the compound metal of

that name. G. E. van Lohneifs tells us,

in 1617, that a long time before zinc had
been colleded by fufion at Collar (/). It

has been long ufual to form orichalum from
fhe ores of zinc by the addition of copper ;

but it does not yet appear at what tim.e this

art was invented. Pliny makes mention of

the orichalum, as alfo of three fpecies of

Corinthian vafes, one of which is yellow,

and of the nature of gold (/^). Erafmus
Ebner ofNorimberg, in the year 1550, was

the firfl; who ufed the cadmia of Collar for

this purpofe.

In the year 1721, Henckel indeed men-
tioned that zinc might be obtained from
lapis calaminaris by means of phlogifton,

but he conceals the method (/). The cele-

brated Anton, van Swab, in 1742, extradted

it from the ores by dillillation, at Weller-

w'ick in Dalecarlia (m). It was determin-

ed to found a work for the purpofe of ex-

tracting larger quantities of this femi-metal

;

(^) De mineralibus.

(:) Bericht von Bergvercken.

(/k) Hift. Nat. XXX. c. 2.

(/) Pyritologia.
'

[m) ilogium magni hujus metallurgi coram, R. Acad.

Stock, recitatum,
l

but
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but afterwards, for various reafons, this pro-
jedt was laid afide •, therefore the illuftrious

Margraaf, not knowing what had been done
by the Swedilh mineralogifts, in the year

1746 publiihed a method of performing
this operation, which he had difcovered

himfelf («).

It is not known how zinc is extraded in

China. A certain Engliihman, who feve-

ral years ago took a voyage to that country

for the purpofe of learning the art, returned

fafely home, indeed, and appears to have

been fufficiently inftrudied in the fecret, but

he carefully concealed it. We find after-

wards that a manufadory had been eftab-

lilhed at Briftol, where zinc is faid to be ob-
tained by diftillation per defcenfum. We
have already feen that it had been before

obtained in Sweden by diftillation per af-

cenfum, which afterwards was effected in

larger quantity, by Meff. Cronftedt and Rin-
man, two very celebrated mineralogifts and
metallurgifts.

The difficulties occafioned by the volatile

and combuftible nature of this metal, for a

long time retarded the knowledge of the

ores containing it ; nor is that wonderful,

as, being of a metallic form, it has even to

our times been confidered as compofed of

two or three ingredients, Albertus Mag-

(») Mem. de I’Acad. de Berlin.

BUS
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nus thinks iron an ingre4ient j Paracelfus

called it a fpurious fon of copper ; Leme-
ry holds it to be a fpecies of bifmuth j Glau-

ber, and many alchemifts, confider it merely

as an immature folar fulphur ; Homberg, as

a mixture of tin and iron ; Kunckel, as a

coagulated mercury ; Schluter, as tin. made
brittle by fulphur, &c.
The ore, which refembles true galena, is

called pfeudo galena ; and is. for that reafon,

perhaps, by the inhabitants, called blende,

as in texture and fplendor it refembles the

blends, though it contains no filver. The
celebrated Brandt, in 1735? Ihewed that

this contained zinc (<?) ; and foon after D.
Swab adlually extracted it from the Bolog-

nian pfeudo galena, which pofTelles a me-
tallic fplendor. The Baron Punch, in

1744, determined the prefence of zinc in

pfeudo galena from the flame and the flow-

ers (y>) ; and in 1746 Mr. Margraaf fet the

matter out of doubt.

Zinc cannot be united with fulphur

alone, yet is found joined with it in the

pfeudo galena j and this conjundtion Mr.
Cronftedt (y) thinks is effedted by means of

iron ; but Mr. Sage (r) fuppofes that in this

inftance an earthy hepar is formed by means
of lime.

(0) Aa. Upfal.

(p) Ait. Stockholm.

(^) Cronftedt Mineralog.

(r) Mem. de rAcad, de Paris, 1771.

Julius,
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Julius, in the year 1570, undertook, at

Rammellberg, the preparation of a cer-
tain fait, which he called Ertz-alaun, but
which we now meet with under the name
of Gallizenftein. No one, before 1735, knew
the true compofition of this fait 3 but about
that time D. Brandt publithed tv/o obferva-
tions explaining its nature ; for he found
that this fait calcined, and then treated with
charcoal-duft and copper, formed brafs ^

and alfo that zinc, diredly dilTolved in vi-

triolic acid, formed a fait of the fame na-
ture as gallizenftein. In the fame year Mr.
Hellot communicated the latter of thefe ex-
periments, made by himfelf, to the P^oyal
Academy at Paris, proving that white vitriol

is a middle fait compofed of zinc and vitrio-

lic acid.

Mr. Sage has lately attempted the analyfis

of lapis calaminaris, in which he aflerts that

zinc is mineralized by marine acid. The
fame author contends that zinc is found in

manpnefe (/) ; and Dr. Bayen relates that

he difcovered it in the white ores of iron (/) :

but they have both m.iftaken manganefe fo?:

zinc (u).

(f) Mem. de I’Acad. de Paris, 1770.
(/) Journal de Phyfique, par Mr. Rozier, I'j'jb.

(a) See the Treatife on the White Ores of Iron.

§ II. Zinc
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5 II. Zinc is prefented to us by Nature
under a Variety of Forms.

It is not yet certain whether zinc be ever

found native, unlefs we fuppofe the grey,

dexible, metallic, inflammable filaments,

furrounded by yellow ochre, which Mr.
de Bomare obferved in the neighbourhood

of Limburg and Rammelibcrg, to be pro-

duced folely by the hands of nature (at). In

order to difcover their true origin, they

mufl: be attentively confidered, and their

nature folicitoufly invefiigated in the ma-
trixes. In the mean time, it will be pro-

per briefly to defcribe the habitudes of per-

fed zinc, when expofed to flame upon char-

coal. This femi-metal fcarcely melts alone

by the blow-pipe, as its whole furface is

quickly covered with a calcined crufl;

;

but

the internal mafs, fufed and expofed to

ftrong heat, now and then explodes with

a beautiful greeniih blue flame, and dif-

perfes a white calx.

A finall piece of zinc is taken up with
effervefcence by microcofmic fait in fufion j

at the fame time it fends forth many flaflies,

with a crackling noife ; but if the heat be*

too great it explodes, fcattering about ig-

nited particles.

(^) De Bomare, Mineralogie.

Borax
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Borax takes up zinc with a degree of ef-

fervefcenccj and the fufed regulus at firft

tinges the flame ; if the blaft be intermit-

ted it fends forth a flajfh, and afterwards it

is difficult to reproduce the phenomena j

but the regulus is gradually diminifliedj

and the mafs of borax fpreads upon the

charcoal without any explofion.

The mineral alkali, expofed to heat with

zinc, in a filver fpoon, corrodes it, but

without any tinged flame, or any explo-

fion (y).
The ores containing zinc differ much

in appearance and properties ; but fo long

as the uncertainty of the exiftence of native

zinc remains, they may, agreeably to their

nature, be divided into two claffes, fome
containing the femi-metal Amply deprived

of phlogifton, the others holding it mine-
ralized, either by fome acids, or united toi

fulphur by the means of iron*

Calcined Zinc.

(a) Pure zinc, calcined in difcrete parti-

cles, is extremely rare. To this we may refer

the zinc brought from China by Grill, and

defcribed by Von Engeftrorn in the year

1775

(y) The Chinefe zinc, upon examinatiohi yields

fcarcely half a pound of lead in an hundred. The zinc

of Goflar contains fomewhat more
;
but neither the one

nor the other yields the fnialleft particle of iron.

(z) Aft. Stock. 1775*

7
That
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That the comparifon with native zinc

may be more eafily made, it will be necef-

fary to defcribe briefly the habitudes of

flowers of zinc, as examined by the blow-
pipe. Thefe flowers, expofed alone to the

flame on charcoal, put on a phofphoric

fplendor, which vaniflies when the flame

intermits : they alfo remain fixed and re-

fractory.

With microcofmic fait they are readily

dilTolved without fpumefcence : upon cool-

ing, the globule remains tranfparent, if the

zinc amounts to lefs than double the bulk
of the fait ; if to more, the globule is mil-

ky. In proportion as it is more faturated, it

adheres the lefs to the charcoal.

With borax the fame thing happens, but

the flowers are more flowly taken up ; and in

proportion as the globule is more loaded, it

expands more upon the charcoal.

In a filver fpoon, with mineral alkali,

they fufibr no fenfible change.

(b) Calcined zinc, mixed in various pro-

portions with earthy and ferruginous parti-

cles, commonly called lapis calaminaris, is

employed in the compofition of brafs : it

is of a ferruginous, yellow, or white colour,

and generally hard ; but the hardnefs is

not the fame in all, nor is it fufficient to

ftrike fire with fteel.

Thefe minerals exhibit with the blow-
pipe the fame phenomena as the preceding

varieties, except thofe which abound in

iron
5
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iron ; for the fubtile powders of thefe h{l,

expofed to a white heat, are of a more ob-^

fcure colour, and are magnetic (a). The
microcofmic fait contracts with them the

colour of fmoked glafs ; borax a yellowilh

green ; but in both cafes, if too much ore

be added, an opacity is produced. The mi-
neral alkali grow black.

Mineralized Zinc.

Zinc aflumes appearances foreign to its

nature, in the hands of nature, partly by its

union with a certain native acid, partly

by means of fulphur. Among the acids

which mineralize zinc, no other are yet

known but the aerial and the vitriolic.

Aerated zinc is found concreted fo hard,

as fometimes to ftrike fire with fieel ; it

exhibits an appearance like quartz, upon
breaking, and is on the furface generally

knotty, ramous, or varioufly contorted into

lamellas : this is called glafs of zinc. And
Mr. von Swab obferved, during diftillation,

that a matter, exadlly of the appearance above

defcribed, was produced through the fmall-

efi; cranny in the apparatus.

A variety of this mineral, brought from

England, expofed to flame with the blow-

(<?) The celebrated Rinman, after calcining the white

lapis calaminaris of Aix-la-Chapelle for the fpace of eleven

days, in one of the furnaces ufed for the preparation of

fteel, found that it adhered to the magnet almoft in the

fame manner as filings of iron.

pipe,
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pipe, remained without liquefadlion, but

cracked, was as it were refolved into flow-

ers, and acquired a more dilute colour. The
fmell fhews no traces of fulphur, nor is it

magnetic either before or after calcination*

The microcofmic fait, and alfo borax, dif-

folve it without difficulty ; the latter fome-.

what more flowly. The mineral alkali fcarce-

ly takes up any, fo that its habitudes much
refemble thofe of the flowers.

Artificial vitriform zinc manifefts the

fame properties as the natural, but does not

fplit, and is more flowly and fparingly dif-

folved in the ufual falts.

(b) To this clafs alfo muft be referred

the variety which is foluble in water by
means of vitriolic acid. Mineralogifts very

properly enumerate this among the metallic

falts } yet it muft not be paffed over in a

place where our intention is to fpeak of all

the minerals which contain zinc abun-
dantly.

Pure vitriol of zinc, expofed to the flame,

on fufion foams violently, and, finally,

leaves behind a refractory mafs, which does

not grow phofphoric like the flowers.

This vitriol, calcined, is readily taken up
with effervefcence by the microcofmic fait

:

if too much of the vitriol be added, the

globule is of an opal colour. The fame
takes place with borax. It unites at firft

with mineral alkali, with violent effervef-

VoL. il. Y cence

;
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cence but afterwards is very little adled

upon.

Native vitriol of zinc is fcarce ever found
pure, but mixed with copper or iron, or

both
; fo that the phenomena vary in re-

fpedt both of the quantity and quality of the

heterogeneous mixture.

Zinc, mineralized by fulphur, produces

various colours. I have known it black,

brown, yellow, greenifh, and, finally, with a

mietallic fplendor ^ which laft is called by
Mr. Cronftedt, particularly, the ore of zinc.

The pfeudo galena puts on a fquamous form,

not unlike that galena which fhines when
the little lamellae are viewed obliquely.

Sometimes it is found femi-tranfparent,

very rarely odtaedral ; it occurs accidental-

ly, mixed with filver, lead, copper, arfenic,

and other metals.

The habitudes vary a little, according to

the different heterogeneous matters. For
example, we fhall defcribe three varieties

found in Sweden j viz. the black of Danne-
mer, the red of Sahlberg, and the metallic

one of Boval.

The firfi; of thefe does not flrlke fire with
fleel, yields a brown powder which decre-

pitates upon heating, fends forth a fmoke of

a fulphureous fmeli, and depofits upon the

coal partly white flowers (confifling of zinc),

and partly yellow ones (confifiing of lead) :

it is not magnetic, either crude or roafled :

when
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when expofed to the flame, in fuch a man-
ner that the divided apex of the flame is

refledted, it frequently appears tinged with
zinc.

The fecond is little changed by pulve-

rization ; it ftrikes fire with fteel on account

of the quartzofe matrix ; it neither decrepi-

tates nor fmokes, and generates flowers

but fparingly yet it fometimes tinges the

flame.

The third produces an afhen brown pow-
der ; does not decrepitate ; expofed to the

apex of the flame, it exfudes final 1 drops,

and difperfes flowers.

The microcofmic fait difiolves the firfl,

and at the beginning puts on an opake

whitenefs ; but when nearly an equal bulk
is added, it grows black. The fecond is

never entirely taken up, for the quartzofe

part of the matrix remains ; when loaded,

the globule grows milky. The third is dif-

folved with little eflcrvefcence, and the

globule is obfcured, is a little blue (from the

copper) ; but by long fufion the tinge va-

niflies i if continued too long, it is rendered

opake.

It is to be obferved of each of them,

that during folution flaihes break forth,

fuch as are defcribed proceeding from
the metallic zinc, but fmailer and lefs fre-

quent.

BoraXj with a fmall quantity of the fi.rft,

grows yellow, with a larger quantity black,

y 2 and
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and that almoft without any eiFervefcence.

The fecond is more flowly taken up, yield-

ing a yellowifh green glafs : by too much
an opacity is contrafted.

Mineral alkali attacks the firft with vehe-

ment ebullition, producing grains of lead,

although no galena appears mixed with it

even by a glafs. The fecond is alfo taken

up with effervefcence, forming an hepatic

mafs, which is alfo true of the third ; but

thefe yield no metal.

§ III. Analyjis of calcined Zinc.

We fliall now examine a variety of lapis

calaminaris, which, in the manufactories

where brafs is prepared, is called Hungarian
lapis calaminaris.

(a) 1 00 lb. of this flone, to which were

added 165 of concentrated vitriolic acid,

generated fo great a degree of heat, as to

raife the thermometer in a few moments
from 15° to 65°, and a white fmoke breaks

forth, which yet could not pafs through the

tube of an alembic without the affiftance of

fire. This fmoke, collected in diftilled wa-
ter, exhibited the fame phosnomena as are

mentioned in the following paragraph, and

therefore is of a vitriolic nature (§ iv. d).

(b) ioo parts of this mineral, well cal-

cined, lofes fcarcely any of its weight ; fo

that if it contains any aerial acid, the quantity

is fo fmall as not to be fenfible on weigh-
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sng ; for the fmall obfervable decrement
mud; be afcribed to the humidity. The fame
is alfo confirmed by folution in acids, for

no eifervefcence appears in this operation.

(c) A double weight of nitrous acid was
poured upon roo of the fame ore, which
being evaporated to drynefs, the fame quan-
tity was twice more added, and in like

manner expelled by fire ; this was done that

the iron being calcined might remain info-

luble : during this operation the vapours

were fomewhat red.

The mafs being again put into nitrous

acid, the zinc alone was difiblved by phlo-

gifiicated alkali, and a white fediment was
precipitated, which, when walhed and dried,

weighed about 3591b. The infoluble refi-

duum, well eiixated and dried, weighed near-

ly i 61 b. ; this, with three times its weight of

concentrated vitriolic acid, was evaporated to

drynefs in a fand bath ; a folution was then
extradled with difiilled water, which yielded,

by means of phlogifticated alkali, about
12 lb. of Pruflaan blue ; the liquor remain-
ing produced, by fubfequent cryftallization,

a true alum, but in very fmall quantity.

Finally, there remained 12 lb. which
eluded the force of the acids, and which
was of a filiceous nature.

(d) All thcfe being confidered, there are

found in 100 of this lapis calaminaris, 84 of

calcined zinc, 3 of calcined iron, about 1 of
pure clay, and 12 of filiceous earth.

y 3 (e) This
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(e) This analyiis has alfo been conveni-

ently performed in another way : firft, by
abflrafting vitriolic acid, then elixating

with v/ater, finally precipitating by cauftic

volatile alkali, and dilTolving. The refi-

duum, which refifts the vitriolic acid, is fili-

ceoLis earth ; that which refufes the volatile

alkali contains a calx of iron with pure clay,

which, when dilfolved in vitriolic acid, may
be feparated by phlogiflicated alkali.

(f) We fiiall finifh by adding fom.ewhat

here concerning the calx of zinc, artificially

prepared, which commonly goes by the

name of flowers of zinc. Thefe are eafily

and totally diflblved by acids, generally

without any motion, but fometimes with a

vehement effervefcence. Some flowers, which
had been made by Von Swab in the year

1742, were quietly dilfolved after the fpace

of thirty-feven years ^ whereas others, made
in 1758, excited a violent effervefcence like

chalk, infomuch that one would be induced

to fuppofe at firfl: that chalk was mixed
with them ; but upon examination nothing

heterogeneous was found. The elaftic fluid

which was extricated Ihewed, upon examina-

tion, all the properties of aerial acid. This
diflcrence is undoubtedly occafioned by the

cjuantity of the aerial acid furrounding the

mafs during calcination, and Ihews that the

dephlogiftication may be elfeifled without

the reception of that acid.

The
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The flowers, which are extremely white,

expofed to the adtion of dephlogifticated

marine acid for fome days in a clofe veifel,

grow almofl; black, but are not (like white

arfenic) refolved into an acid liquor.

§ IV, Analyfis of aerated Zinc.

The fpecimen of aerated zinc firfl; exa-

mined, was that brought from Holy-Well in

England, the fame which had been examined
before by the blow-pipe (§ ii.)—-Of this

(a) 1 00 lb. reduced into a fubtile pow-
der, lofl: by calcination 341b. but did not

betray the flightefl; traces of a fulphureous

odour.

(b) As it dilTolves in marine acid with ef-

fervefcence, and without any hepatic odour,

the operation was performed in a chemico-
pneumatic apparatus, in order to examine

the nature of this volatile vapour. 100 lb.

in this way yielded only ten cubic inches of

elafcic fluid ; but the water through which
it paifed, amounting to 30 inches, was found
almoft faturated. In order therefore to de-

termine it more accurately, it was collected

in mercury, and exhibited about 28 cubic

inches, which were all abforbed by diftilled

water, and imparted to it all the proper-

ties communicated by aerial acid. Now
28 cubic inches of that acid, in a mode-
rate temperature, weigh about fo many af-

fay pounds, but in calcination 34 are lofl: j

Y 4 fix
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fix therefore remain, which doubtlefs are

owing to water, for it appears from (d) that

no aerial acid is prefent.

(c) The experiment was repeated in the

fame way, but the vitriolic acid employed
inflead of the marine ; an equal bulk of

aerial acid was produced.

(d) In order to difcover whether any vef-

tiges of marine acid remain hid in this ore,

to I op parts, reduced into a very fubtile

powder, were added 165 of concentrated vi-

triolic acid, in a fmall cucurbit fitted with

an head, the orifice of whofe tube was

plunged under diftilled water. No fmoke or

Irnell was perceived. The cucurbit was
therefore placed in a find bath, and fire be-

ing applied, the mixture at length fent forth

a white fmoke, which, paffing through the

water, there depofited whatever acid it con-

tained, and the water loaded with this fume
reddened paper tinged with turnfole. Some
drops of a folution of nitrated filver were

dropped into a fmall portion of this, upon
which clouds arofe, but thefe quickly va-

nifhed upon the addition of a quantity of

diflilied water. But as vitriolated filver is

much more foluble than falited filver, a fuf-

picion arofe of the prefence of vitriolic acid,

W'hich was further confirmed by the drop-

ping in of nitrated mercury prepared without

heat ; for the white flrite which appeared

upon this inflillation, upon the further addi-

tion of a large quantity of water fell to the

bottont
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bottom in the form of a yellowifh powder

;

befides, the addition of falited terra ponde-

rofa to another portion, immediately gene-

rated a fpathum ponderofum, the mod: cer-

tain lien of vitriolic acid. If therefore ma-
rine acid be prefent in fome vitriform ores

of zinc, this mull; be conlidered at lead; as

accidental, and by no means necelTary to

their compodtion.

(
e

)
Vitriolic acid takes it up almod; en-

tirely, leaving fcarcely oo,i remaining un-
dilTolved ; and evaporation being continued

to drynefs, fo as to expel the fuperfluous

acid, the folution, on the addition of water,

yields by cryftallization 326 lb. of white

vitriol.

(f) Phlogifticated alkali, added to a folu-

tion of this vitriol, throws down a mixed
mafs, white and fpongy, yet containing a

few particles of Prudian blue ; which Ihews

that a fmall quantity of iron is prefent. It

is worthy of obfervation, that the blue

atoms gradually become of a brownilh red;

whether they be fuffered to remain in the

liquor for fome days, or whether they be

feparated by dltration, walhed, and dried.

(
g

)
1 00 parts of vitriform zinc, with pow-

dered charcoal, and 150 of copper, treated in

the ufual way, communicated to the copper

an increment only of 1 5 lb. though in this

operation a great part of the zinc always is

deftroyed by dedagration.

( h )
Upon
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(h) Upon comparing all the experiments,

it plainly appears, that in loo of this Eng-
lifh mineral there are 28 of aerial acid (b,

c), 6 of water (b), and of calcined zinc

(with a very fmall portion of ochre fcarce

exceeding i) about 65 (e, f).

(i) For the fake of comparifon it muft
be added, that the artificial glafs of zinc,

arifing from the diftillation of this femi-me-
tal, diffolves in acids without any effervef-

cence ; fo that it alfo contains more zinc,

and the other variety mentioned in § ii. (b)

is produced,

§ V. AnaJyJis of vitriolated Zinc.

Zinc, in a faline ftate, has hitherto been

but rarely found, and always united with
vitriolic acid j fcarcely ever pure, but united

with vitriol of iron or of copper, or both

together. We fhali therefore firfl examine

it in its pure flate, in order to difcover oc-

cafional differences the better.

(a) Vitriol of zinc yields tranfparent

cryflals, clear as water, and without any co-

lour j they exhibit compleat quadrangular

prifms, two of whofe oppofite fides are

broader ^ the terminating pyramid has alfo

four fides : in general, however, in the two
oppofite angles of the prifm, a fmall defeat

is obferved, fo that the feftion becomes hexa-

gonal. The native vitriol is generally fca-

laditic, arifing from the fpontaneous calci-

nation
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nation of pfeudo galena. The cryftals rather

calcine than deliquefce.

(b) By gentle calcination 100 lofes about

40, which conlift of water.

After a white heat of three hours, no more
remained than 20 of afhen brown coloured

powder j yet that metallic zinc, by calcina-

tion, is encreafed at lead; 0,17, plainly ap-

pears, for 20 of calx are produced from little

more than 17 of the metal : 100 of white

vitriol therefore contains 20 of calcined

zinc, 40 of vitriolic acid, and 40 of the

water necelTary to cryllallization.

(c) In a moderate temperature 100 of the

cryftallized vitriol require to diffolve them
228 of diftilled water. By a boiling heat

much more is taken up.

(d) If to a folution of the 100 juft men-
tioned, be added a phlogifticated alkali,

whithh particles are foon feparated ; v/hich,

colledted, walked, and dried, after compleat

precipitation, yield 83 of a yellowilh white

powder. Now, i part of metallic (that

is 1,17 of calcined zinc) yields to phlo-

gifticated alkali nearly 5, therefore 83 indi-

cate 1 6| of metallic zinc ; which agrees al-

together with an experiment already tried in

-another way (b).

(e) a folution of 100, precipitated by
aerated alkali, yields a white powder, in

weight 38, which is taken up by acids with
an effervefcence which continues till the

very laft particle is dilfolved ; therefore 20
of
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of calcined zinc are able to fix 1 8 of aerial

acid and water together. Hence we derive

an illuftration of what has been already faid

concerning its efiervefcence in acids (§ iv.

F.). Zinc, when once calcined without

aerial acid, afterwards attracts it fcarcely at

all, or at leafi; very flowly.

(f) White vitriol, mixed with green,

blue, or both, cannot be feparated from them
by cryftallization.

The mixture may in fome degree be

judged of by the colour. The form of the

cryftals is fpathaceous, even though the in-

quixiament does not exceed i. The phlogif-

ticated alkali betrays copper by a brownifh

red, and iron by blue particles, the former

of which, particularly, difiindlly appear on

the firft inftillation, mixed with the white,

provided the liquor be not lhaken. On the

addition of zinc, both the copper and iron

are precipitated,

§ VI. Analyjis of the black Pfe.udo Galena of
Dannemer^

I have tried by various methods to difco-

ver the compofition of the pfeudo galena,

but fiiall here only mention thofe which
feemed peculiarly adapted to the purpofe in

each particular cafe.

(a) By a white heat of four hours, 25
out of 100 flew olf; at the fame time a flrong

fmell of fulphur was perceived, fcarcely

mixed
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mixed with that of arfenic, but no flame,

nor were any flowers of zinc difcernible ; the

colour of the roaflied powder was like th^t

of bricks.

This operation being finilhed, the quan-

tity of volatile matter is generally eftimated

from the decrement of weight ; but when
we are examining ores by this method the

quantity is made lefs than it ought, as me-
tals gain weight by calcination. Lead gains

about 0,12, copper o,i6, zinc 0,17, and
iron 0,36. In the prefent cafe, the quantity

of the metals otherwife known (if they be

fuppofed in a perfect ftate) fhews that by
the dephlogiftication the weight of the re-

maining mafs is encreafed by 12. This cor-

rection therefore Ihould not be negleCled.

(b) Six hundreds of the pfeudo galena

being expofed to heat in a clofe apparatus, no
elaftic fluid appeared ; a little fulphur was
feparated, and nearly 6 lb. of reguline arfenic

collected in the upper part, as alfo about 36
of water in a tube fitted for receiving it; viz.

to the extremity of the alembic tube, turn-

ed upwards, was fattened a wet bladder

well emptied of air by preifure : during the

operation it was a little inflated, but on
cooling collapfed again; the water filled the

tube ; the reguline arfenic covered the up-
per part of the cucurbit with a black fcale.

(c) As lead is found in this ore (§11.), the

75 parts remaining were boiled in marine

acid fo long as any thing was diflblved ; to

the
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the folution, filtered, and infpiffated by eva-

poration, was added vitriolated volatile al-

kali, by which a vitriol of lead was partly

feparated inftantly, and partly by further

evaporation. This vitriol yielded about 61b.

of lead.

(d) The remaining liquor was evaporated

todrynefs; and, for thepurpofe of calcining

the iron, nitrous acid was repeatedly evapo-

rated from it, the lafi: time even to ignition.

Finally, it was difiblved in that acid; but

there remained 13 of calcined iron, which
is equivalent to about 9 of the metal.

(e) a folution of zinc, precipitated by
phlogifticated alkali, yielded a whitilh yel-

low fediment, vreighing 2231b. which in-

dicate nearly 45 of metallic zinc (§ v. d).

(f) The marine acid mentioned in (b)

was refifted by 4 parts, which difiblved with

great difficulty in microcofmic fait, but

more eafily in borax, and in mineral alkali

with effervefcence : thefe properties indicate

a filiceous nature. .

• (g) Upon a jull calculation, therefore, ir

appears, that the 100 under examination

contains 29 of fulphur, i of regulus of arfe-

nic, 6 of water, 6 of lead, 9 of iron, ^5 of

zinc, and 4 of filiceous earth. There is no
doubt but that the proportions vary a little

in the various fpecimens : befides, in order

to determine all the quantities with pre-

cifion, it would be necefl'ary to know the

deficiency of phlogiflon occafioned in me-
10 tals
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tals by their union with fulphur ; a circum-

ftance which however is yet unknown :

Ibmewhat is certainly loft, but it ftiould ap-

pear the lofs is but Imall.

§ VII. Analyjis of the brown Pfeudo Galena of
Bahlberg.

(a) The brown pfeudo galena of Sahl-

berg, properly roafted, lofes only 0,13,
of which 5 are water. The fulphureous

odour is lefs perceptible in this than in the

former analyfis.

(b) Nitrous acid was repeatedly abftradled

from the other 87 parts, even to ignition,

and afterwards whatever that menftruum
could take up was diftblved.

(c) The folution, on examination, only

yielded zinc, which when precipitated by
phlogifticated alkali yielded 218 lb. of fedi-

ment, and then by volatile alkali 3 parts of

clay.

(d) From the remaining 31 parts, which
rehfted the nitrous acid, the vitriolic was ab-

ftradled to drynefs ; upon which it was
elixated with diftilled water, and 24 only

remained.

(e) The folution of (d), precipitated by
phlogifticated alkali, yielded 29 parts of
Pruffian blue, which nearly correfpond to

45 of iron.

(f) The Pruffian blue being feparated by
filtration, the liquor had an aluminous

tafte
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tafte ; and this fait alfo appears upon cryfh

tallization, but mixed with vitriolated ve-
getable alkali.

(g) The 24 parts untouched by the acids,

were the reliquiae of a quartofe matrix.

(h) Therefore 100 of this ore contains

about 17 of fulphur, 5 of water, 44 of zinc,

5 of iron, 5 of clay, and 24 of quartz.

It is probable that in this inftance the

zinc is more dephlogifticated than in the

others. Hence, from the unknown quantity

of the difference, an error arifes, perhaps of
fome pounds, which as yet cannot be de-

termined.

§ VIII. Analyfis ofthe Pfeudo Galena of Bovaly

which poff'es a metallic Splendor.

(a) 1 00 of the pfeudo galena of Boval,

loft by roafting 17, which by their fmeli

feemed to be nothing but fulphur ; but

diftillation fhews that a fmall quantity of

water is alfo mixed with them.
The refiduum grows black on calcina-

tion.

(b) The 83 parts which remained were

wetted with three times their quantity of

concentrated vitriolic acid, and evaporated

to drynefs ; then all the faline part was fe-

parated from the white mafs, by boiling in

diftille d water, and 6 parts remained which
eluded the adtion of the menftruum ; which
were with difficulty taken up by microcof-

mic
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mic falti more readily by borax, but very

eafily, and with efFervefcence, by mineral

alkali j at the fame time the lafl; globules

were brown : hence it appears that they con-
fift of a filiceous and martial matter.

(c) In this inftanee the colour of the fo-

lution does not betray copper, which yet is

Ihewn by the microeofmic fait (§ ii.) ; but

the addition of iron foon removes all doubt.

In order to determine the quantity of this

metal, a poliflied plate of iron was boiled in

the folution as long as any of it conti-

nued to be taken up. The cupreous fedi-

ment, colledled, waihed and dried, weighed

4 lb; The plate was found to have loft 61 b.

(b) In the remaining liquor phlogifticat-

ed alkali precipitates at once a white and a

blue fediment, which indicates the prefence

both of zinc and iron. In order to deter-

mine the proportions,! this liquor, evapo-

rated to dry nefs, was long calcined in the open
fire i afterwards nitrous acid was repeatedly

abftra(£led to drynefs from the mafs, that the

iron, fpoiled of phlogifton, might be ren-

dered infoluble in that acid :—nor was the

experiment unfuccefsful, for the zinc alone

was taken up, and about 19 lb. of calcined

iron remained, which are equivalent to 14-

parts of regulus, the weight being increafed

0,36 by calcination.

(e) The folution, containing zinc preci-

pitated by phlogifticated alkali, yields 259
paris of white fediment, waftied and dried.

VoL. II, Z (f) lao



(f) ioo of this ore, therefore, contains

52 of zinc, 8 of iron, 4 of copper, 26 of ful-

phur, and 4 of water, together W'ith 6 of a

iiliceous and martial matter.

(g) That the metals exift either in a flate

nearly reguline or but little dephlogifticated,

eafily appears both by the metallic fplendor,

and the violence and rednefs of the vapours

with which the nitrous acid attacks them ;

and, finally, by the union with fulphur.

The fame is nearly true of the ore of Dan-
nemer, which, although deftitute of metal-

lic fplendor, exhibits the fame phaenomena
with nitrous acid (§ ix. c) ; and, befides,

on fublimation, it exhibits a reguline arfenic

(§vi. b). But the pfeudo galena of Sahl-

berg feems to contain a fmaller portion of

phlogifton.

(h) It follows, from the analyfis of pfeu-

do galena, i . that lime, though it be fome-

times prcfent, is not neceffarily required ;

for the three varieties I examined did not

fhew the flighted: trace of it, even when the

acid of fugar, its nicefl; teft, was employed :

it is certam, if the fulphur was here united

with zinc in the flate of an earthy hepar,

that a fmall quantity of lime would not

fufiice, and part at lead of the hepar might

be elixated by water. 2. That the prefence

of cobalt and filver is accidental, as alfo of

lead and arfcnic in the Dannemer pfeudo

galena, and of copper in that of Boval.

3. That zinc, iron, and fulphur, are always

prefen t

;
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prefent ; for zinc cannot be united with ful-

phur, but by means of iron. When thefe

three ingredients are fufed together, an ar-

tificial pfeudo galena is eafily made. But it

may be gathered from the water, that nature

has effected the union in the humid way.

§ IX. The Phenomena of the hepatic Smelly

extricated by Acidsfrom Pfeudo Galena.

When the vitriolic or marine acid is

poured on pfeudo galena, an hepatic odour
is exhaled ; but it may be gathered from
what goes before, that no alkaline fait nor

abforbent earth is prefent, and therefore no
hepar. Hence the caufe of this phaeno-

menon may be properly enquired after.

^—The following experiments will ferve to

folve the problem.

(a) Six afifay loo of black pfeudo galena

from Dannemer, well pounded, were put

into a glafs, and the bulb of the thermo-

meter was fet in the midft of it. '300 of

concentrated vitriolic acid being poured on,

a few bubbles arofe, and a diftindt hepatic

odour was perceived. In four minutes the

mercury arofe from 16 to 27 ; but in nine

it began to link. The powder was fo much
indurated, that it was difficult to feparate

the thermometer without breaking it.

(b) The experiment was repeated with

200 of fmoking marine acid. A ftrong he-

patic odour, and a violent effervefcence, were

Z 2 obferved ;
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obferved ; but the mercury in the thermo-
meter remained without motion.

(c) 200 of fmoking nitrous acid, di-

luted with an equal quantity of water, were
poured on the fame weight of ore, when an
intumefcence was perceived, and red va-

pours arofe, without any hepatic fmell. A
heat of 74° took place in four minutes.

The refiduum, after having been well

waflaed with hot water, produced no hepatic

fmell, either with the vitriolic or marine
acids.

(d) The hepatic vapour, extricated v/ith

the affiftance of heat by vitriolic acid, out

of a quintal, and collefted in quickfilver,

amounted to two cubic inches j but the

^ marine acid produced feven from the fame

quantity. The red fumes arifing when ni-

trous acid is employed were found on ex-

amination to be nothing but what is called

nitrous air.

(e) One-half of a quadrant of hepatic air,

collected in an inverted phial, and mixed
with an equal portion of nitrous air, be-

comes grumous, and depofits fulphurj and

the mercury in the thermometer fufpended

in it rofe to 6°.

(f) Yet all the pfeudo galense are not

equally affedied by acids : if marine acids

be poured on the three above examined, that

of Dannemer emits an hepatic air, with

many bubbles ; from that of Boval fewer

bubbles rife 5 and from that of Sahlberg,

fcarce
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fcarce any. The two firft yield a very of-

fenfive fmell, even though kept in corked

bottles for a number of years : the laft has

but a faint fmell, which continues only for

a few minutes : the others, boiled with acids,

fcarce extricate any hepatic odour.

(g) 2| cwt. of yellow lapis calaminaris

from Hungary, treated in the fame way as

the pfeudo galena, occafioned with vitriolic

acid a degree of heat =: 65°, but no hepatic

fmell was perceived.

(h) The fame flone generated heat with
nitrous and marine acid, but without any

hepatic fmell.

(i) Flowers of zinc occafon with acids

heat, but no fmell,

§ X. 'Explanation of the hepatic Odour ^

From the phenomena above mentioned
the origin of the hepatic odour is eafily feen

both analytically and fynthetically. We
fhall firfl examine it analytically

.

(a) That fulphur enters the compofition

cannot be doubted, as it is actually found
precipitated (| ix. e) : but we are to en-.

quire the caufe which in this inftance di-

lates the fulphur which had been fo fubtilely

diffolved into an aeriform elaftic fluid.

(b) That heat exifts fixed in hepatic air,

and is fet at liberty by the deftrudlion of that

air, evidently appears from the afcent- of the

mercury (§ ix. e.) The opinion that the

heat of bodies confiits in a certain in teftine

Z 3
motion
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motion of their parts, is at prefent held to

be totally improbable. Many circumftances

tend to prove, that heat is to be attributed

to a matter diflindl from all others, which
when difengaged occafions fenfible heat in

proportion to its quantity ; but fo long as it

conflitutes a primary principle of bodies, its

power of heating is repreffed (in the fame

way as the properties of an acid faturated

with alkaline fait) which power, however,

it again recovers, when by any means fet at

liberty ; hence, in certain folutions, heat is

generated ; namely, when that principle

which had been united with one of the in-

gredients is expelled by a ftronger attrac-

tion : in others cold is produced, occafion-

ed by the heat entering into the new com-
pound. Since, therefore, on precipitation

of fulphur from hepatic air, heat is generat-

ed, we may conclude that the matter of

heat had been before fixed. This conclu-

fion will be further confirmed hereafter

(e.)

(c) It appears plainly, that the phlogifton

in hepatic air forms the bond of union be-

tween the matter of heat and the fulphur

;

for that air cannot be decompofed, except

by fubftances which are extremely greedy of

phlogifiion : concentrated nitrous acid pof-

fe fifes this power, even in water loaded

with hepatic air ; nay, nitrous air, although

fo much loaded with phlogifton that its

acid properties are concealed, produces the

_ 7 fame
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fame efFeft (§ ix. e.) We fee therefore,

that upon the abftradiion of phlogiflon the

whole compoiition is deftroyed, fo that it

may juftly be confidered the bond of union.

Sulphur, by means of heat alone, diffufes no

hepatic fmell.

All this is completely eflabliflied by a

right confideration of the principles of the

pfeudo galena, and its different habits with

refpedl to acids. We now proceed to exa-

mine this fubjedl Jyntbetically

.

The conftituent parts of hepatic air be-

ing thus difcovered by analyfis, let us now
examine fynthetically v/hether thefe are to

be found in the pfeudo galena.

(d) Of fulphur we can have no doubt, as

even the quantity of that has been already

determined (§ vi.*^—viii.)

(e) The prefence of the matter of heat is

equally certain, for the pfeudo galena with
nitrous acid excites a confiderable degree of

heat (§ IX. c.) j
and the vitriolic acid ge-

nerates with it a degree of heat, though lefs.

Thus we fee the matter of heat more or lefs

fet at liberty.

(f) Befides the phlogiflon of the fulphur,

no fmall portion of that principle adheres

to the metals, as has already been evinced

(§ VII. G.) _
All the principles therefore before dif-

covered by analyfis are prefent (a— c.)

(g) It may now be queftioned, whether
thefe principles are fo united in the pfeudo

Z 4 galena
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galena as adually to conftitute hepatic air*

which, like the aerial acid in chalk, lies hid j

or whether it be on the addition of the pro-

per acid that they firft coalefce and form an

elaftic fluid.

(h) In order to determine this queflion,

the pfeudo galena ar. fubjedled by itfelf to

di/liliation ; and the vapour extricated was

colledled in a pneumatic apparatus : but on
examination nothing was obtained but a

fmall portion of water, and- nothing at all

aerial : befides, all the different acids would
expel the fame quantity, if the hepatic air

lay hid, like the fixed air in chalk f but we
have feen, that from i cwt. none was ob-

tained by nitrous acid, two cubic inches

by the vitriolic, and feven by marine acid

(§ IX. d) ; the elaflic fluid therefore does not

pre-exifl in a perfedt fiate.

(i) It is generated therefore during the

folution 2 for the addition of the acid, by
loofening the texture of the mafs, fets the

heat at liberty, together with the phlogif-

ton of the zinc and iron ; for no metal is

taken up by acids, until it is dephlogifticat-

ed to a certain degree. The firfl effedt

therefore of acids upon metals is to deprive

them of that portion of their phlogiflon

which prevents their folution, and by this

privation they become foluble.

Thefe two principles, heat and phlogif-

t<5n, being fet at liberty, feize the fulphur

which they meet with, combine with it,

and
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and form an elaftic fluid ;
but as the nitrous

acid attracts and retains phlogiflon with more
force than the reft, with it a great heat is

generated, but no hepatic air can be formed,

for the principle which fhould connect the

other two is wanting. The vitriolic acid

indeed attradfs phlogiflon lefs powerfully

than the nitrous, but does not yield up all

that it fets at liberty to the generation of
hepatic air ; and this air is confequently

produced only in fmall quantity, indeed fo

fmall that fome heat remains at liberty :

but the marine acid, being naturally loaded

with phlogiflon, does not attradt any more 5

therefore the whole of the heat may very

eafily be fixed by the phlogiflon extricated

by this acid from the metals ; hence, with
this acid, there is no heat generated, but a

confiderable quantity of hepatic air. The
calcined pfeudo galena retains, indeed, the

matter of heat, but lofes the phlogiflon and
the fulphur in the fire ; therefore no vef,.

tiges of hepatic air can arife here, as with
the lapis calaminaris (§ ix. f, g.)

All thefe circumflances agree fo perfedtiy,

that no doubt can remain of the truth of the

explanation
; yet pfeudo galena is not to be

confidered as the only body in nature which
can produce an hepatic air and odour on the

addition of acids : it is enough to mention

galena, which occaflonally exhibits the fame

phenomena ; for the marine acid adts mofl

eflicacioufly, but the nitrous fhews not the

leafl
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leaft veftiges of any thing hepatic ; and in

this cafe the vitriolic acid has little effed:,

as it hardly attacks lead, when in a metallic

date. It is alfo worthy of obfervation, that

native Siberian iron, with marine acid, dif-

fufed a diflindly hepatic fmell; but the exa-

mination of this would require a feparate

treatife.

I
XI. Phofphoric ^aVity of the Pfeudo

Galena,

Some varieties of pfeudo galena upon
fridion hiine in the dark 5 and among
thofe the mod remarkable is that which
is found at Scharfenberg, in Mifnia. This,

when rubbed with glafs, a bone, iron, or

any hard fubdance, emits a fcetid fmell 3 and
at the point of contad fends forth a flame

of a gold colour, and this happens in water,

nay, even in acids, and it retains this pro-

perty even after a violent white heat. Some
infid that this light is eledric 3 but the

eledric flafli is of a very different kind,

being entirely extinguiflied by water, where-

as this is made rather more fplendid. La-
tent light is not the caufe, for in folution^

no ii«:ht is occafioned.

Suppofing that light be nothing but the

matter of heat, with a determined fupera-

bundance of phlogjdon, thefe principles

are not deficient in the pfeudo galena 3 for

we
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we have already fcen that the matter of heat

is really prefent (§ x. b, e), and at the fame

time phlogifton (§ x. c, f). The firft, there-

fore, excited and fet at liberty by fridtion,

may eafily feize the latter, and produce

light.

Many varieties do not fhine at all, fome

fcarcely, and a few very remarkably ; this

is undoubtedly owing either to the propor-

tion of the principles, or their clofenefs of

connexion ; which lafl opinion is confirm-

ed by obferving that thofe which poflefs

the phofphoric quality in the moft eminent

deg-ree refill the three mineral acids, fo that

either no hepatic odour or heat arifes, or

at leafi; much weaker than in the others,

which indicates a firrner texture
;

yet all

that refill the acids are not found to be

phofphoric. This difficulty is folved by the

analylis of the pfeudo galena of Scharfen-

berg, the fcarcity of which has as yet

prevented the experiment from being fuffi-

ciently varied. The powder, expofed alone

to fire in a clofe velfel, yields a filiceous

fublimate, fimilar to that produced by mine-
ral fluor and vitriolic acid. The fluor acid

is therefore prefent, but probably united in

fuch a manner to the metallic bafe, that it

cannot, by fire alone, be expelled, and gene-

rate with water a filiceous earth.

Marine acid by boiling difiblves it, when
well powdered, almoll entirely, and produces

an hepatic fmell ; for, exclufive of the ful-

phur.
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phur, fcarce more than o,oi remains, which,
examined by the blow-pipe, appears to be

liliceous. In loo the zinc forms nearly 64,
iron 5, fulphur 20, water 6, fluor acid 4,

and liliceous earth i ;—nothing calcareous

is found.

This pfeudo galena is lamellated, yellow,

and femipellucid ; but, lituated in a certain

way with refpedt to the eye, it appears

opake, fomewhat refembling a metal, like

moll of the others. The various propor-

tions feem to indicate, that in this inftance

the metals are not prefent fully calcined.

Fufed with microcofmic fait by the blow-
pipe, it throws out a few Hallies almoll like

that of Sahlberg, which was mentioned

among the Swedilh pfeudo galenas (§ ii.), a

phaenomenon which can hardly be produced

with calcined zinc. With nitrous acid it

produces certain vapours. It is indeed true,

that it excites a very fmall detonation ; for

the firll parcel thrown into nitre, well fufed,

occalions nothing but an elfervefcence j and
it is not until the fourth or fifth addition

that fparks are produced, and even thefe are

few. The Swedilh pfeudo galenas, firft ex-

amined, detonate on the third or fourth ad-

dition : this difficulty of detonation rather

points out the clofenefs of connection in

the inflammable principle, than a deficiency

of it ; for on the fame ground we might
difpute the prefence of fulphur, which yet

is molt certainly prefent.

D I S S E R-



DISSERTATION XXIIL

C F

METALLIC PRECIPITATES,

§ I. Dejign of the Work^

H E man who firft faw a metal cor-

1 roded by a limpid menftruum, in fuch

a manner that a body fo j^tremely ponde-
rous and fo opake lliould gradually and en-

tirely difappear, and afterwards, upon the

addition of a fuitable precipitant to a li-

quor which appeared to be limple and ho-
mogenous, faw that metal feparate, and again

come into view j—the man, I fay, who hrft

faw this, muft have been ftruck with
aflonifhment and admiration. Perfons ac-

cuftomed to thefe wonderful phenomena
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negle(?t perhaps too much the accurate in-

veftigation of them, though thefe operations

are of the higheft importance, and form as

it were the whole of the effediive part of

chemiilry. The phtenomena of this kind

are fo various and fo intricate, that a fingle

volume would be utterly infufficient for

examining them all ; we fhall here therefore

only examine fuch as relate to the feparation

of metals from acids, particularly with re-

gard to the weight of the precipitate^

Weighing is, no doubt, a mechanical opera-

tion, but yet is of fingular fervice not only

in inveftigating the properties of bodies*

but in directing thofe properties to their

proper ufes. All effedts are exadlly pro-

portioned to their caufes ; therefore, unlefs

their mutual relations be examined by accu-

rate trials, theory (of confequence the whole

of natural philofophy) muft be lame and
imperfed:.

That we may the better underftand the

nature of precipitations, we fhall briefly

examine the phenomena of metallic folu-

tions in general.

§ II. Exa?mnation of Metallic Solutions i

A fmall piece of a metal being put into

an acid, is taken up ilowly or quickly, with

violence, or gently, according to the various

nature of the metal and the menllruum.
(a) As
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(a) As to menflrua, when unaffifted by
heat, the nitrous acid is found the moffc

powerful, fo much fo as fometimes to ex-

ceed the bounds required; and the metal

diffolved is again feparated, unlefs the vio-

lence of this acid be properly tempered

:

yet fometimes the nitrous acid alone has no
effed:, as is the cafe with gold and platina

;

but when the nitrous is united with the

marine acid, the folution is readily ef-

feded.

The vitriolic acid, though very highly

concentrated, yet ads more weakly. It does

not attack mercury or hlver, unlefs when
boiling ; and gold and platina elude its

force, even though boiled to drynefs.

Marine acid ads ftill more weakly, unlefs

it be dephlogifticated {a) in which date

it dilfolves all metals compleatly.

The other acids, as the fluor acid, the

acids of arfenic and borax, and all thofe ob-

tained from the organized kingdom, are in

general inferior in folvent virtue to the pre-

ceding.

(b) With refped to the metals, fome are

very eafily dilfolved, others not v/ithout

great difhculty, and that in the fame men-
druum. Zinc and iron are readily diiTolved

in every acid ; filver eludes the marine, and
gold even the nitrous acid. Yet thefe me-
tals, which in their natural date obdinately

(a) Nov. Act. Upfal, voL ix.

refid
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refift folution, may be made foluble by de-

priving them of a proper proportion of their

inflammable principle. I exprefsly mention
a proper proportion^ for experience Ihews,

that iron, and particularly tin, are made re-

fradtory by too much dephlogiftication ;

but nothing iliore plainly fhews the limits

of this procefs than manganefe, which when
calcined to blacknefs cannot be diffolved

without the addition of fome inflammable

matter, but when reduced to whitenefs dif-

folves in all acids (^).

(c) If we confider the manner of the

folution with accuracy, we fhall find that

the diminution of complete metals, even

to the lafl; vifible particle, is accompanied
by an elfervefcence ; that is, innumerable

air-bubbles continually rife from the fur-

face of the metals, and float to the furface

of the furrounding liquor. Thefe are the

more frequent, in proportion to the quick-

nefs of the folution, and are very few, and

fcarcely vifible, when it proceeds very

flowly.

The elaftic fluid, which is thus extri-

cated from metals by nitrous acid, if col-

ledted by a proper apparatus, and examined,

is found to be nothing more than what is

commonly called nitrous air ; but when the

menfiruum is concentrated it abforbs a-

confiderable quantity of this air. By means-

(h) See the Treatife on the white Ores- of Iron.-

2 of
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of vitriolic acid inflammable air is obtain-

ed from zinc and iron, as alfo by means
of marine acid; but from the other metals

diflblved in vitriolic acid, we obtain another

fpecies of air, called ‘vitriolic acid air

;

and
by the marine acid, another flmilar to the

former, called muriatic airy but both more
or lefs mixed with inflammable air.

(d) Frequently, during the folution of a

metal, heat is generated in the liquor, the

intenfity of which follows the compound
ratio of the bulk of the mafs, and the quick-

nefs of folution j therefore, when the mafs is

very fmall, and the folution proceeds very

flowly, the temperature fcarcely fuffers any
alteration.

(e) The calxes of metals, during folution,

either give out no air at all, or elfe the

aerial acid j unlefs when, after being evapo-

rated to drynefs, they are urged by a violent

heat almoft to ignition ; for in this ffcate, by
means of vitriolic or nitrous acid, they give

out a portion of pure air, which cannot be

got by means of marine acid : according to

circumftances, a vitriolic or nitrous air is

alfo fometimes produced, and even that fpe-

cies which is commonly called phlogifticated

air.

(f) Various metals, when dilTolved, im-
part certain determined colours to their

menflirua ; fuch are gold, platina, copper,

iron, tin, nickel, and cobalt j the reft, if

properly depurated, yield no tinge. A fo-

VoL. II. A a lution
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lution of filver, at firfl:, is fometimes of a

blue or green colour, although there be no

copper prefent. The vitriolic acid grows

blue with copper; the nitrous may be made

either blue or green at pleafure ; the rnarine

varies according to the quantity of v/ater

with which it is diluted ; manganefe, when
too much dephlogifticated, renders both the

vitriolic and marine acids purple.

§ III. ’Explanation of • the above-mentioned

Phcsnomena.

At prefent no one can reafonably doubt

that folution is the effedt of attraction ; we
may therefore lay that down as a funda-

mental propohtion, and proceed to illuftrate

(in the befl way we are able) the more re-

markable circumftances of the operation,

confidering it not in a general view, but
merely as it regards metals.

Upon attentive coniideration it readily

appears, that “ no metal can be tahen up by an
“ acidy and at thefame time preferve the whole

“ quantity of phlogifon which was necef'ary

to it in its metallicfateP A certain pro-

portion therefore of the principle of inflam-

mability may be confidered as an obftacle,

which mufl be removed before folution can

take place. Let us fee now how this doc-

trine will apply to the more remarkable

phenomena feparately confidered.

(a) Of
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(a) Of all the acids the nitrous attracts

phlogiftoii the moll powerfully, and fepa-

rates even from the vitriolic acid. If this be

doubted, let fulphur be flowly boiled in

concentrated nitrous acid, at length all its

phlogifton will be found feparated, and the

vitriolic acid will remain deprived of its

principle of inflammability. The extraor-

dinary folvent power of this acid, therefore,

is conformable to the peculiarity of its na-

ture in this refpedl j for this menftruum
adapts metals for folution with the greatefl;

eafe, moil commonly without any afliftance

from external heat, which in fome inftances

would be hurtful, by feparating too much of

the phlogiflon. This lafl; cafe is fufficiently

illuftrated by iron, tin, and antimony, all

which may be fo far deprived of phlogifton

as to be very difiicultly foluble in acids j it

is therefore not unfrequently neceflary to

temper the adlivity of this menfiruum by
water.

The vitriolic acid does not adt upon fllver

or mercury, unlefs when boiling ; for by
means of the heat the watery part of the

acid is diminiihed, its power is thereby in-

creafed, and the connedtion of the inflam-

mable principle with the metallic earth is

diminiflied.

Marine acid, which contains phlogiflon

as one of its proximate principles, muft ne-

celTarily have but little or no effedl on thofe

metals which retain their principle of in-

A a 2 flammability
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flammability very obilinately
j but when

boiling, its watery part is diminiflied, and it

aflumes the form of an aerial elaflic fluid, in

which ftate it powerfully attracts a larger

proportion of phlogifton than before ; but
when dephlogifticated, it attracts phlogifton

with prodigious avidity, readily attacking

all metals, and rendering them foluble by
the abftradtion of their phlogifton, which it

unites to itfelf, and refumes the ordinary

form of marine acid. This acid, when de-

phlogifticated in aqua regis by means of the

nitrous acid, diffolves gold and platina.

Upon this principle we can eafily ac-

count for the inferiority of power in the

other acids.

(b) As to the metals, they retain their phlo-

ifton with very unequal degrees of force: a

few of them, which are called the perfedl

metals, effectually refill calcination in the via

flcca. In this operation, on the one hand, the

fire, v/hich wonderfully encreafes the volati-

lity of bodies, ftrenuoufly endeavours to ex-

pel the phlogifton, which certainly is the

lighteft of all material fubftances ; on the

other, the portion of pure air which occurs

in the furrounding atmofphere attracts the

phlogifton ftrongly : experience however
fliews, that thefe two forces united cannot de-

compofe gold, platina, or filver, to any con-

fiderable degree ; all the other metals

to thefe forces when united, but not fij

Iron and zinc retain their inflammable
]
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ciple fo flightly, that any acid immediately

adts upon them ; but if, by dry calcination,

metals be properly prepared, the men-
llrua will immediately take them up ; noi-

ls there need of any further privation,

which, on the contrary, would be inju-

rious, and precipitate what was before dilTol-

ved. For example, let us recolledl: the ef-

fect of the nitrous acid : this, added to folu-

tion of tin or antimony in marine acid, by
its extraordinary violence carries off fo

much phlogifton that the calxes, being too

much deprived of that principle, are precipi-

'tated.

(c) We are now come to* the moft diffi-

cult point of all, I mean the production of

the various elaftic fluids which refemble

air. The complete difcuffion of this fub-

jeCl does not properly belong to this place

;

but, as fome circumftances, hereafter to be

mentioned, cannot properly be underflood

without a knowledge of the fundamental

principles of this phaenomenon, I think it

neceffary to give a brief relation of what I

have been able to learn on this head, from
my own experiments and thofe of others ;

fome of which I apprehend to be certain,

and pafl; controverfy ; others (as yet only

plauflble) to be confirmed, corrected, or re-

jected by new experiments.

A great variety of different aeriform fluids

have been obferved ; of thefe eight only are

certainly known with refpeCt to their com-
A a 3 pofition |
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poiltion j thefe are the fluids extricated by
the vitriolic, nitrous, and marine acids, fluor

acid, vinegar, alkaline falts, and hepar ful-

phuris.

Pure vitriolic acid, expofed to a violent

heat, is indeed refolved into vapours, but
vapours of fuch a nature, that when the heat

is gone they condenfe again into an acid li-

quor of the fame nature as before ; but if

any fubftance be added which is loaded

with phlogifton in a feparable fliate, by
means of fire an elaflic vapour is produced,

which is not condenfable by the rnofl ex-

treme cold, provided it does not come in

contad; with water. This is the ‘vitriolic

acid airy which may be totally abforbed by
water j in which cafe the bond of union be-

tween it and the phlogifl:on is fo weakened
that this lafl: gradually flies off, and at length

common vitriolic acid is regenerated. We
fee, therefore, that this acid, by means of

a fuflicient quantity of phlogiflon, may be

expanded into an elaftic fluid.

The nitrous acid undergoes a fimilar and

more perfed change in a manner flill more
obvious :—let a fmall piece of fllver (for ex-

ample) be put into nitrous acid, and in-

ftantly innumerable bubbles arife, and float

to the furface ; thefe colleded produce the

nitrons air. The bubbles upon the furface

of the metal, where the acid particles are

fufflciently loaded with phlogifton, alTume

an elaftic and highly dilated form ; fo

that
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that they rife by their fpecific levity, and
chace one another from the feveral points of

the metal. The nitrous acid faturates itfelf

with phlogifton more greedily than the vi-

triolic ; and therefore the elaftic fluid does

not unite with water, and retains fcarcely

any veftige of an acid nature. Synthetical

obfervations agree perfectly with analyfis ;

for upon the accefs of pure air, which pof-

feffes a flill greater attradlion for phlogif-

ton, the acid yielding it up immediately

realfumes its original form and properties |

but the nitrous air differs fomewhat from
the vitriolic alfo in this refpeft, that the

phlogifton is not only abforbed fo far as to

obliterate the acid nature, but even beyond
that point. This I am convinced of by
many experiments, one of which will be

fufficient, namely, the decompofition (r) of

hepatic air by rneaps of nitrous air.

The -marine acid exhibits different phe-
nomena : this acid conti\ins phlogifton,

and by its means can be refolved into an

elaftic fluid called muriatic air^ which is

permanent fo long as it is kept from the

contact of water ; but, like the vitriolic,-

upon the accefs of water it reaffumes the

form of marine acid. As this acid naturally

contains phlogifton, there is no neceflity for

an addition : in the mean time this, in the

fame manner as nitrous air, when in its e,x-

(^') See Treatife on tbe Ores of Zinc, § ix. E.
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panded date, attracts a ftill larger proportion

of phlogifhon, and that with wonderful

When the natural quantity of phlogifton

is diminiihed the marine acid yields another

elaftic fluid of a reddiih brown colour, pof-

feflflng the peculiar odour of warm aqua re-

gia. This does not unite with water, or but

in an exceeding fmall quantity ; and, upon
the addition of a due quantity of pblogifton,

may be again reduced to marine acid. The
experiments made on the black calx of man-
ganefe and on white arfenic (^), which I have

often repeated and carefully weighed, I con-

lider as indubitable evidences of this con-

nection. Whether the marine acid can by
any other than thefe two methods be de-

phlogiflicated, I am as yet ignorant.

The fluor acid abounds with phlogifton,

and therefore may, without any adventitious

matter, be reduced to an elaftic fluid. This
air is eaflly diftinguifhed from all others, as

when hot it corrodes glafs.

Vinegar alfo naturally contains phlogif-

ton ; and for that reafon, when well de-

phlegmated, can produce an elaftic vapour,

which is called acetous air.

All thfefe elaftic fluids feem to be nothing

---^“"-inore than the acids themfelves, expanded by
phlogifton. Perhaps the matter of heat

alfo enters into their compofition.

{d) Nov. A^, Upfal, vol. ii.

This
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This is alfo the cafe with cauftic volatile

alkali, which yields the alkaline air.

Finally, among thofe elaflic fluids, the

compofition of which we are acquainted

with, we may place the hepatic airy in which
we have demonftrated fulphur {e) united

with the matter of heat, by the intervention

of phlogifton.

The origin of the other elaflic fluids is

as yet fo involved in darknefs, that we can

fcarcely eflablifh any thing certain with re-

gard to them : thefe are of four kinds j and,

in conformity with the received opinion

concerning their properties, are calledfixed

air, phlogifiicated airy dephlogifiicated airy and

infiafnmable air.

Of the firfl I think it is evidently de-

monflrated to be of a peculiar nature, and

always acid. Dr. Prieflley conflders it only

as a modification of nitrous acid j nay, he

urges that the vitriolic and nitrous acids

are no more than varieties of the fame fub-

ftance. This point I will not abfolutely de-

ny ; but the foundation on which thefe af-

fertions refl feems to me to be very infuffi-

cient. Thus, in the preparation of ether

by vitriolic or nitrous acid, he obtained a

confiderable quantity of fixed air, which he

affirms to have been generated during the

operation ; but we mufl obferve, that a large

proportion of fpirit of wine enters into this

(f) Treatife on the Ores of Zinc, § ix. x.

preparation.
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preparation. Now we find that fixed air

abounds almoft every where throughout all

organized bodies 5 why then fhould fpirit

of wine, which owes its origin to vegeta-

bles, be fuppofed entirely void of it ? As
this is very volatile, it is only in a clofe vef-

fel that it remains entire, and eludes the

force of fire ^ but when hot, it gives off the

fixed air : hefides, by the addition of the

ftronger acid, its texture is broken, and the

fubtile acid, which before was latent, nov/

breaks forth. Add to this, that, whether vi-

triolic, nitrous, or marine acid, or even vine-

gar, be ufed in the preparation ofether, aerial

acid is produced ; either then the aerial acid

is common to all the acids (which is by no
means confirmed) or it is derived from the

decompofition of the fpirit of wine ; other-

wife I acknowledge, that the conjedlure of

fixed air originating from nitrous acid, does

not appear improbable ; of which we fhall

fay more hereafter.

That fpecies of air, which is indifpenfably

neceffary for the fupport of flame, and for

animal refpiration, is generally called de-

phlogijiicated. This air, united with a cer-

tain quantity .of phlogifion, eonftitutes the|

matter of heat, as Mr. Scheele has demon-

1

firrated by a long train of experiments, the}

chief of which I have repeated with the

fame fuccefs. Setting this down as a prin-

ciple, let us fee what alterations fuch air is

liable to. The purefl air of this kind which

5
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can be got, cannot be rendered unfit for

the fupport of inflammation or refpira-

tion, either by flame, by nitrous air, by
eledtrical fparks, or any other of thofe

operations by which we certainly know
phlogifton to be fee at liberty

^
yet it con-

tradls in dimenfion, and is at length entire-

ly confumed, and that in fuch a manner
that, united with the phlogifton, it forms
the matter of heat, and, being utterly inco-

ercible, pervades all manner of veflels. A
very elegant appearance may be produced
by this air; for if a piece of wood, or a

candle newly extinguifhed, be put into a

bottle containing it, provided the fmallefl;

particle remains ignited, a flame is inflant-

ly kindled with a bright corufeation, and
as it were explofion : this flame is diffufe

and decrepitates, and the eye can fcarcely

bear its fplendor. When' this experiment is

performed in an inverted veflel, the orifice

of which is kept beneath mercury, it is evi-

dently feen that almoft the whole of the air

difappears ; the remainder amounts to t» -V,

-nay fometimes fcarcely forms o,oi of the

orip-inal bulk ; and this refiduum confiflis

partly of aerial acid, and partly of air unfit

for fuftaining flame, or being fubfervient to

refpiration, which had been originally mix-
ed with the pure air.

The fame thing takes place on the ad-

mixture of dephlogifticated and nitrous air ;

fometimes
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fometimes fcarcely any remains, fometimes

of the bulk, but in general much more.

The variations in the quantity of the reh-

duum are fufficient to fhew the different de-

grees of dephlogiftication, or (which is the

fame) the different degrees of purity of the

air. This purity may be accounted for in

three different ways : for either all its par-

ticles may be of the fame nature with the

whole j or a certain number of exceeding

pure particles may be mixed with a deter-

mined quantity of fuch as are very impure ;

or, finally, the different particles, being each

endowed v/ith their own peculiar degree of

goodnefs, compofe a mafs of an interme-

diate nature. Each of thefe cafes may oc-

cafionally take place ; but in my apprehen-

fion the lafl feems to be more conformable

to the ufual order of nature. With refpedt

to the explanation of the phsenomena, they

all apply equally ; but as the fecond ap-

pears to be the mofl fimple, I chufe that.

Let us now fuppofe the perfed; nitrous air

(which, upon the lofs of phlogiffon, is all

refolved into nitrous acid) mixed to the

point of faturation with dephlogifticated

air, then all the elaftic fluid, which had
been confined by the glafs, difappears, by
generating heat and penetrating the veffel.

This takes place if the dephlogifticated air

be perfedly pure ; if not, the refiduum will

determine the degree of its impurity. Upon

3
* this
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this principle the bell; common aerial air is

faid to contain of dephlogifticated air and

the word;

It is probable that good may be con-

verted into noxious air •, this mull be ow-
ing either to the abllradlion of fomething

from the mafs, or the addition of fome
heterogeneous matter to it. The ablell phi-

lofophers have, by unanimous confent, de-

termined the latter to be the cafe, and con-

fider phlogifton as the caufe of this corrup-

tion.—However, let us for a minute wave
thefe opinions, how refpedtable foever, and

candidly enquire into the truth of the fad:,

at the fame time begging pardon for the

boldnefs of our attempt.

Let us examine thofe procelTes by which
phlogillication is performed : let us fup-

pofe a lighted candle fet cautioully in air

of abfolute goodnefs ; we lhall fee an exceed-

ing vivid flame, and the candle will be con-

fumed with extraordinary fwiftnefs, until a

fmall portion of air remains, which exhibits

the properties of aerial acid, proceeding

doubtlefs from the tallow, into the compo-
fition of which that acid enters in great

quantity. The phlogifton, being fet at li-

berty by the combuftion, is feized by the

pure air, is converted into heat, and pene-

trates the velTels ; and hence the diminution

of bulk which is obferved. If at firft there

had been more or lefs of air unfit for fuf-

taining flame, that air will be in the end
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left behind entirely unchanged, together

with the aerial acid ; but in this cafe the

diminution of bulk will be lefs.

We have already explained the mode of
operation of the nitrous air.

Let a mixture of tin, lead, and bifmuth,

which melts by the heat of boiling water,

be fufed in a clofe glafs veflel, the air which
is included will be diminifhed in proportion

to its goodnefs ; and if this be absolutely

pure, a proportional quantity of the metal

will be entirely calcined, and the whole of

the elaftic fluid will difappear.

Electrical fparks are Small flames, which
indicate the extrication of phlogillon, and
at the fame time generate heat.

All thefe phaenomena concur in fhewing

that pure air acquires, by phlogifl:ication,'fo

great a degree of fubtlety, that it cannot be

confined in glafs velfels, nor be any longer

infpired ; but no noxious air is produced.

Now, if a fimilar phlogiflication took place

on refpiration, a fimilar diminution of bulk

would alfo be obferved, which is contrary

to experiments the mofl: accurate. Mice,

when included in air confined by mercury,

and fuffered to die there, do not occafion, in

general, a diminution of air equal to -rl-o, a

lofs which is doubtlefs owing to the Small

portion of air expelled by the heat of the

animal at its firfl; introduction. A very dif-

ferent operation feems therefore to be per-

formed in the procefs of refpiration, from
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that which is carried on during deflagra-

tion j
perhaps the air rather conveys phlo-

gifton to the lungs than takes it away. From
whence does a pine, growing in the dryefl

fand, receive its oily matter, is it not from
the air ? Such animals as by manducation

mix a large quantity of air with their food,

are obferved to grow fat in an extraordinary

degree. But we fhall wave thofe arguments

drawn from analogy, and proceed to fuch as

are more diredt :—the air in which flame is

extinguifhed, can be breathed almofl: as long

as aerial air ; neverthelefs, during deflagra-

tion, phlogifton is copioufly evolved, and

by it the pure air is fitted for efcaping

through the veflfels, but is not vitiated,

which it always is by refpiration. Frefh

blood, when agitated in pure air, does not

diminifh its bulk, but renders it unfit for

fupporting flame. But if the difcharge of
phlogiflon from the lungs was fo indifpen-

fably neceflTary as the moderns affert, un-
doubtedly inflammable air would be the

mofl: noxious of all ; neverthelefs, the ce-

lebrated Mr. Scheele had courage to make
the experiment, and to infpire air, extri-

cated from iron by vitriolic acid, no lefs

than 30 fucceflive times. After this, its

bulk was found the fame as before j and its

inflammability not only deftroyed, but its

nature fo changed that it extinguifhed flame.

I have myfelf repeated this remarkable ex-

periment
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periment with the fame fuccefs, except that

I was not able to infpire above 20 times.

Hence it appears at leaft, that phlogifton

may be abforbed by the lungs, without any
confiderable danger. I acknowledge, that

fmall animals, when inclofed in this kind

of air, foon perilh ; but this does not, in my
judgment, at all tend to fhew, that the in-

flammable principle, in more fimple com-
binations, cannot be innocent, or even falu-

tary and neceffary, to the animal ceconomy.

When we confider the prodigious quantity

of this fubtile principle, which is found in

all organized bodies, the powerful effedls

which the proportion of its quantity pro-

duces in the formation of different fub-

flances, we fhall foon fee the neceflity of

continually repairing the lofs of phlogif-

ton which the blood fuffers during circu-

lation from the feveral fecretions. Let the

fagacious obfervers of nature examine care-O
fully this problem ; let them devife and

execute fuitable experiments, and I traft

that this material point will foon be de-

termined. In the mean time, fince all or-

ganized bodies are incapable of flourifliing,

or even of eliding, without good air, we
mud take leave to call this air gooJ, or rather

_/>ure, until its dephlogidicated date is evin-

ced by uncontrovertible arguments ; and to

call that air vitiated which is ufually called

fhlogijiicatedy as it labours perhaps rather

under
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under a deficiency than a fuperabundance of

phlogifton.

I Thall here briefly explain a theory of

aeriform fubftances, fome circumftances of

which I hinted in an Oration before the

Royal Academy of Sciences, in 1777. Some
of thefe circumftances have fince appeared

to me eftabliftied beyond doubt, and others

of them only probable, but yet to be fuch

as agreed well together, and are at leaft wor-
thy of a more accurate examination. Whe-
ther the confequence of this examination be

to eftablifti or to overthrow them, natural

philofophy will be enriched, and I will not

fpare them myfelf, if by new experiments I

fhall difcover them to be falfe. In the

mean time I hope that a curfory account of

them will give occafion to decifive experi-

ments.

The celebrated Dr. Prieftley has fhewn,

by a multitude of experiments, that dephlo-

gifticated air may be extricated from almoft

all bodies, by means of nitrous acid. He
has alfo ihewn, that this air is found occa-

fionally more or lefs mixed, fometimes with

aerial acid, fometimes with nitrous air,

fometimes with that elaftic fluid which is

called phlogifticated air, fometimes with all

of them together, yet fo difpofed that they

generally exhibit themfelves in various or-

der ; fo that from the fame mixture, expofed

to fire in different veffels, fometimes one of

thefe fluids will appear firft, fometimes in-

Vo l. II. B b termediate.
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termediate, and fometimes laft. He has

fliewn that nitrous acid is very greedy of

phlogifton ; and that it is wonderfully di-

verfified by the variety of quantity and con-

nection of this principle. I fuppofe it is

well known that a large proportion of phlo-

gifton in a body renders it in general im-
mifcible with water, &c.
May not therefore the nitrous acid, by a

certain quantity ofphlogifon, be connoerted in-r

to aerial acid—the phlogifton imparting to

it elafticity and levity, weakening its acidi-

ty, increafing its attraction for abforbent

earths, and changing its former properties,

or creating new ?

May not its acidity befo far repref'ed by a

fill greater quantity ofphlogifon, that it will

elude our examination, refufe to unite with
water, be neither ealily deprived of its phlo-

gifton, nor any further loaded with it j

being unfit for refpiration by its obftinate

retention of phlogifton, and ifor the fuftain-

ing of flame by its being no longer able to

take up more—thus generating that fpecies

of air which is called phlogifticated ?

May it not, by an abundant quantity of
phlogifoji, be perjeBly mitigated, andfo become

ufeful both tofame and refpiration f Thence
on the one hand, by any further increafe of

the inflammable principle, it becomes fo

fubtilized as to generate heat, and thus fuf-

tains fire and flame, in which ftate it per-

vades all veffels ; and on the other hand, by
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any further diminution of that principle, or

(if we may ufe the expreffion) a deter-

minate calcination, returning occalionally

to the ilate of phlogifticated air or aerial

aid. Animals provided with lungs are lefs

able to dephlogifticate this air than thofe

which breathe through fpiracula, or than

vegetables ; the former converting it into

phlogifticated air, the latter (/’) into aerial

acid. The experiments which have hither-

to been inftituted in another way £hew a

very different effedt of vegetation upon air ;

but if I am not miftaken the caufe of the

difference depends upon the diverfity of cir-

cumllances. We know that vegetables lan-

guifh, grow tranfparent, and lofe their co-

lour in the dark j but when thus vitiated

are fpeedily reftored by the rays of the fun.

Light coniifts of the matter of heat, with an
excefs of phlogillon ; this excefs is firft ab-

forbed, and afterwards by degrees, though
with more difficulty, the phlogifton itfelf,

which conftitutes the matter of heat, is fe«

parated ; for no vegetation can proceed

without heat ; and by this procefs the other

principle, the pure air, is fet at liberty.

Therefore, according to the inequality in the

degrees of heat, according to the different

pofiticn of the vegetables with refpedt to

light, according to their different power in

(f) Mr. Scheele found that good air was gradually

converted into aerial acid by infedts or vegetables in-

cluded in it.

B b 2 decompoiing
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decompofing light and heat, diffimilar efFedts

muft neceffarily take place.—Even water

itfelf, which appears fq fimple and homoge-
neous a fubftance, frequently contains invi-

fible organized bodies, which, when ope-

rated upon by the fun’s light, by their ve-

getation produce the fame decompofition,

and generate pure air.

If the varieties of noxious air can be fen-
V.,

dered wholefome by agitation in water

(which I confefs I have not yet examined

with due accuracy) according to our hypo-
thecs all the varieties, except inflammable

air, fhould be loaded with phlogifton during

the operation. It is known that water al-

ways contains a portion of pure air (g) j
and

daily experience ihews, that air difperfed

through water may, by continued agitation,

be again colledted, efpecially with the help

of a little heat. Do not the emendations

of air depend upon this ? Water deprived-

by boiling of its air, fpontaneoufly reco-

vers it when expofed to the open air : but

water is not fluid without the affiftance of

heat, and to that end it requires a degree

equal to 72“ (^). I can fcarcely believe that

the matter of heat undergoes any decompo-
lition during the agitation ; but if that fhould

fo happen, an air being prefent which wants
phlogifton, a double fource of pure air will

occur ; the one by its fuperabundant phlo-

(g) Vol, i. p. III. (/5) Vol. 5. p. 286.

- - giflon
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gifton corredling the noxious air, the

other, by the extrication of phlogifton, fet-

ting free the pure air which had before en-

tered into the coinpofition of the matter of
heat.

But it is not yet fufficiently clear what
rank in this order is to be affigned to the

fiitrous air : it abounds with a larger quan-
tity of phlogifton perhaps than the aerial

acid, but more weakly united, on account of

the moifture which the celebrated Fontana
has fhewn to enter its compoiition. Here too

we are at a lofs for the reafon why pure air,

already loaded with phlogifton, is yet able

to defpoil the nitrous acid of that principle.

Inflammable air is undoubtedly charged

with abundance of the principle of inflam-

mability ; but in other refpedts its compo-
fition is very obfcure. On the one hand it

cannot exift in a perfedt flate in bodies be-

fore its feparation, as, if that was the cafe,

it could be extricated even by nitrous acid ;

nor on the other, does it feern to require the

adm.ixture of any particular acid ; for it is

extricated from iron equally by the vitriolic

and the marine, and even by any acid, ex-

cept that of arfenic, and, wdiat is mofl: of all

to the purpofe, without the afiiflance of any

acid menftruum whatever, but merely by a

proper degree of heat. It is reduced by re-

fpiration to a vitiated air. If therefore the

above theory be agreeable to truth, the prin-

ciple of it ought to be found in the nitrous

B b 3
acid ;
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acid ; but as pure air, on the accefs of a

greater quantity of phlogiflon, conftitutes

the matter of heat ; and that which is called

inflammable air feems to exceed the pure in

quantity of phlogifton, yet does not thereby

acquire fubtlety enough to penetrate giafs

;

there exifts perhaps in this cafe fome pecu-
liar connexion : for we cannot eafily con-

ceive that the bare increafe of phlogifton

can render the texture of its parts too grofs

to pafs the pores of the giafs : we muft
however confefs that fulphur, which is per-

haps more loaded with phlogifton, is much
denfer than vitriolic acid. Yet, although in-

flammable air diftblves fomewhat of the me-
tal, carries it up, and after depofits it in wa-
ter, we cannot properly conclude that the

metal is neceftary to its compofition : in

like manner other heterogeneous matters may
be mixed by folution with the other aeriform

fluids, and afterwards removed without in-

juring the properties of the fluids,

Nature proceeds by infenfible gradations

;

but it is not in our power to follow her

clofely, being only capable of diftinguifh-

ing the more remarkable fteps. There is no

doubt but other elaftic fluids form interme-

dia between thofe that we are acquainted

with j of this we are the more confident, as

we know for certain that pure air, nitrous

air, and inflammable air, are not always

procured of the fame degree of virtue and

efficacy.

If
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If this theory, gathered from fuch phe-
nomena as are at prefent known, be true,

it will not be difficult to underftand the ge-

neration of nitre upon the furface of the

earth ; the inimical nature of aerial acid,

with regard to refpiration, above all other

noxious fluids, a property by which it is

capable, when taken into the lungs, of de-

liroying as it were the original (lamina of
the animal machine ; and many other cir-

cumftances hitherto involved in impenetra-

ble darknefs.

(d) As to the heat generated during the

Iblution of metals, it is owing to the matter

of heat which had been fixed in the metals,

and is now fet at liberty by the acid men-
(Irua. All metals are eliquated by fire, fo

that we cannot determine whether this de-

pends upon the fire ufed in fufion, or whe-
ther it belongs to metals themfelves. Many
bodies retain a confiderable quantity of heat

fixed, although they have never been ex-

pofed to the fire, as we have already (hewn
in the inftance of lapis calaminaris (/).

(e) The calxes of metals are deflfcient in

that quantity of phlogifton which is necef-

fary to their metallic (late, but yet are not en-

tirely without it ; therefore in their folution

fcarce any elaftic fluids are generated, unlefs

the fire be continued after exficcation j fuch

as contain aerial acid difcharge it imme-

(() Treatife on the Ores of Zinc, § ix. h.

B b 4 diately
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di^ately in the fame form as they had received

it. It is remarkable, that Dr. Prieftley

mentions a calx of lead which, with the acid

of phofphorus, produced an inflammable air.

By means of the nitrous acid, and evapora-

tion to drynefs, a pure air is produced, partly

by the decompofition of the matter of heat,

and partly by the phlogiftication of the ni-

trous air ; for metallic calxes, and feveral

other earthy matters, attradb the nitrous

acid, and fix it to a certain degree, fo that

it can be loaded with the phlogifton of the

heat i during which operation the pure air,

which is the other principle of heat, is fet

at liberty, and at length a like air is gene-

rated from the nitrous air. Pure nitre, urged

by fire, illuftrates this procefs very well. If

nitre be kept red hot upon a tile for half an

hour, and upon cooling vinegar be added,

or even a weaker acid, immediately the phlo-

gifticated nitrous acid is difcovered by its

fmell ;
but from whence can this phlogif-

tication be deduced, only from the heat

paffing through Befides, by a long conti-

nued fire, all the acid is expelled ; but a very

fmall quantity of it may be colleded in a

recipient adapted for the purpofe; and in

the mean time, by means of a pneumatic
apparatus, air of different degrees of good-
nefs may be had in great plenty.—Does not

this manifeftly indicate fucceffive changes

taking place in the acid ?

Some-
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Sometimes a fmall portion of vitriolic air

is had, by means of a proper degree of fire,

from vitriolic acid, but a far greater quantity

of pure air, occafioned by the decompofition

of the heat.

(f) The folution m-ade by the menftrua

above mentioned contains a metallic calx

intimately united with the acid ; but the

quantity of phlogifton remaining varies, ac-

cording to the difference of the menftrua,

and of the temperature. The operation

being performed, either with or without an

intenfe heat, frequently occafions a notable

difference, as we have already obferved in

the inftance of (/^) nitrated mercury. That
calcination is effe£led more gently by the

marine than by the nitrous acid, will eafily

appear on pouring concentrated nitrous acid

on tin or antimony } the difference is not

fo vifible in the other metals, if it actually

does take place.

As theneceffity of this calcination, during

the folution of metals, has been thought by
fome modern chemifts not only doubtful

but even falfe, let ua, here confider fepa-

rately, but briefly, the cafe of the perfedt

metals, which they infift ought to be ex-

cepted, as they do not yield to the moft in-

tenfe fire. Let us therefore obferve, ift, that

during their folution nitrous air is always

generated, and of a very perfedl kind ; this

Vol. i. p. 132.

cannot
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cannot arife without phlogifton, but in this

cafe there is nothing prefent which can

yield phlogifton, except the metals : there-

fore, 2d, the metals, when precipitated from
the menftrua by fixed alkalis, both with

refpedt to their external appearance and in-

ternal properties, appear to be calcined

;

V. g. the precipitate of gold rejedts mer-

cury, is diffolved in marine acid, and other

fimple menftrua, and that without the pro-

dudtion of any elaftic fluid. 3d, Glafs may
be ftained by thefe metals ; but no metal in

its complete form can be taken up by glafs,

much lefs ferve to ftain it.

The vulgar objedtion arifes from hence,

that the calxes of the perfedt metals may be

reduced folely by means of a fuflicient de-

gree of fire, without the addition of char-

coal i but this depends upon the great force

with which thefe calxes attradt phlogifton,

fo that they are able to decompofe the mat-

ter of heat, and to take away and retain as

much of that principle as is fuflicient to

give them the metallic form ; and it is for

this reafon that they refift the effedt of fire

fo obftinately, when in their metallic ftate ;

for when any phlogifton is taken away, it is

inftantly replaced. The calxes even of the

imperfedt metals attack phlogifton, but are

not able to retain a fuflicient quantity. Mer-
cury is a fort of intermediate fubftance, as

it may, like the imperfedt metals, be cal-

cined by fire alone, though with much dif-

ficulty.
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ficulty, and yet, like the perfedl, it can from
heat alone receive phlogifton to fatura-

tion

.

The following has been propofed to me
as an inextricable dilemma :

“ Silver cannot

“ amalgamate with mercury^ except when in

its metallic jiate^ yet both falited and ni-

** trated filver are taken up by mercury ;
it

is therefore not calcined by the acids, but

adheres to them in its metallic form” We
fliall not need any affiftance from the higher

ehemiftry, in order to folve this. It is well

known that the calx of copper, diffolved

in vitriolic acid, is precipitated in its me-
tallic form on the addition of iron, and that

by means of a double eledtive attraction ; for

the iron diffolving in’ the acid would form

an inflammable air by its phlogifton, were

not the copper prefent, which takes it up,

and thereby becomes infoluble fo long as it

retains it : but from the table of elective

attractions it appears that mercury pof-

feflfes a ftronger attraction for acids than

ftlver does ; if therefore falited or nitrated

ftlver be triturated with mercury, the ftlver

muft be precipitated in a metallic, and the

mercury calcined be diflblved. This alfo

takes place, provided there be moifture fuf-

ficient to iuffer the eiedtive attractions to

operate ; the fuperabundant mercury greedily

takes up the comminuted ftlver precipitate,

and the arbores Dianae are nothing more than

fuch an amalgam cryftallized. Upon this

head
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head v/e fhall fay more (§ iv.) ; the fun-
damental objedtion is therefore, I hope, re-

moved. But although the acids cannot take

up any metal, while it retains its full pro-
portion of phiogifton, yet various metallic

ialts are able to effedt that folution ; thus

nitrated or falited mercury boiled in water,

together with the crude metal, can take up
a certain proportion of it, without dephlo-

giftication ; and the latter of thefe two falts

by this method, even in the via ficca, be-

comes a mercurius dulcis, which contains

at the fame time a crude and a (/) calcined

mercury.

Perfeft folution s fhould in general be
tranfparent, and fome are alfo diftinguilhed

by a peculiar colour, namely, that colour

w^hich is proper to the calx, only rendered

more vivid by the moifture. Thus folutions

of gold and platina are yellow, thofe of
copper blue or green, thofe of nickel of a

bright green, thofe of cobalt are red, al-

though the calx is black ; we may obferve

that even this red colour may he heightened

to blacknefs ; iron, moderately calcined, is

green, but this rarely continues upon further

dephlogiftication. The white calxes of fil-

ver, lead, tin, bifmuth,, arfenic, zinc, anti-

mony, and manganefe, are dilfolved without

colour ;
but folutions of the lead, tin, and

antimony, are fomewhat yellow, unlefs fuffi-

(/) Acta Stockholm, 1778.

5
ciently
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ciently diluted. To this rule mercury forms

a lingular exception, for the orange-co-

loured calx of this metal is taken up by
menftrua without colour.

That phlogifton is the chief caufe of co-

lour, appears alfo from hence, the black

calx of manganefe tinges vitriolic acid with

a red colour, but on the addition of fugar

the tinge is entirely {m) deftroyed. Nitrous

acid is rendered blue by copper, but whea
the metal is added in confiderable quantity,

it becomes of a very deep green ; the marine

acid, which dephlogifticates the copper lefs,

is yet made green, but by dephlegmatioa

may be fo condenfed as to appear brown.

I have fometimes feen a folution of lilver

green, although there was not prefent the

fmalleft particle of copper. This depends

upon the abforption of nitrous air ; for let

fmoking nitrous acid be diluted, on the

addition of a certain quantity of water it

will be of a deep green, by a greater blue,

and upon a ftill greater, becomes limpid

;

by means of the water the nitrous air is ex-

tended to a greater fpace, and this attenua-

tion, gradually increafed, varies the colours.

From what has been faid it readily appears,

why nitrous acid is made green by a large

quantity of copper.

Metals dephlogillicated by acid folvents

powerfully attraft phlogifton ; nay, nitrated

(m) Of the white Ores of Iron, § vii.

ftiver
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lilver and mercury, and falited antimony,

corrode animal fubftances, in order to ex-

tradl it. This metallic caufticity, which is

only to be moderated by phlogifton, ought
to be carefully dillinguifhed from the acid

caufticity, which is repreifed by alkalis, and

the alkaline, which is mitigated by acids.

According to the quantity of phlogifton

prefent, colours vary ; and fome experi-

ments £hew, that by a fufficient quantity

all colour is entirely deftroyed, fomewhat in

the fame way as a white light is generated

by the union of the feven primitive colours

—but of this hereafter.

§ IV. Differe}2t Species of Precipitations.

Various are the methods by which dif-

folved metals may be feparated from their

menftrua j and the appearance and nature of
thofe precipitates are occaftonally varied in

this operation in a very Angular manner.-
— We ftiall mention fome of the moft re-

markable.

(a) All metals may be precipitated by
alkaline falts, which by their fuperior power
of attradtion feparate them from their men-
ftrua ; but the differences of thefe alkalis,

with refpedl to their nature and preparation,

imprefles the precipitate with different cha-
radiers.

With
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With the cauftic fixed alkali the calxes

fall almofi: entirely pure, but loaded with

water, and the matter of heat which is ex-

pelled from the alkalis by the acid. The
weight is found to be encreafed by the wa-
ter, and perhaps by the matter of heat 5 but

yet lefs than by the aerial acid.

With the aerated fixed alkali, by means
of a double decompofition, the aerial acid

unites to mod; calxes. We have already ob-
ferved, that the vegetable alkali, completely

aerated, precipitates a white calx from fali-

ted mercury, but that the mineral alkali

does not pofifefs that (n) property.

The volatile alkali, which naturally con-

tains phlogiflon, fometimes phlogiflicates

the precipitates : it throws down a black or

white precipitate of mercury ; nay, makes
the orange-coloured calx white, the reafon

of which phenomenon we fiiall foon (0) fee.

Gold receives from this precipitant its ful-

minating quality, as before {p) explained.

The alkali, which is commonly called

phlogifticated, generally precipitates metals

with an increafe of weight, as Mr. Macquer
firfl: dernonftrated.

(b) Frequently the acids occafion preci-

pitates, and that for different reafons.

By means of elective attradlion, filver,

mercury, and lead, are taken from the ni-

(«) Vql. i. p. 70. (0) Vol. i. p. 132.

(j) )
Of the fulminating Calx of Gold.

trous
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trous acid, by the addition of the marine or

vitriolic. Thefe acids form with the metals

new compounds, which are difficult of fo-

lution in ’water, they are therefore precipi-

tated in greater or leffer quantity, according

to circumftances.

By too much dephlogiftication the nitrous

acid can decompound falited tin and anti-

mony : for when thefe calxes are too much
calcined they rejedt menftrua.

(c) Alkalis, faturated with acids, which

are called neutral falts, fometimes diflurb

metallic folutions.

By means of a double eledtive attradtion

all thofe which contain vitriolic or marine

acid decompofe folutions of filver, mercury,

or lead, in marine acid, and precipitate the

metals.

By forming a triple combination, the ve-

getable, as well as volatile alkali, although

faturated with vitriolic, nitrous, or marine

acid, precipitate platina from aqua regia. If

the mineral alkali forms the bafe, the neutral

fait has no power of this fort j
— thefe

phenomena are more accurately confidered

elfewhere.

(d) Some metallic falts can decompofe

others, and precipitate their bafes. This

may happen when the acid is different in

the two falts, or, what is more lingular, even

though it be the fame.

Solution of gold gives us an example of

each



OF METALLIC PRECIPITATES. 385

each of thefe two cafes (^). This, as is well

known, is precipitated by martial vitriol, al-

though the reafon, fo far as I know, has not

been yet explained ,• but upon examining
the precipitate carefully it will be ealily un-
derftood : for this, when walhed and dried,

not only Ihews many refplendent gold-co-

loured particles, but alfo unites with mer-
cury by trituration, diiTolves in aqua regia,

but not in marine acid alone, together with
other circumftances which evince a com-
plete refufcitation of the gold. Cryftalliz-

able martial vitriol contains phlogifton, but

very loofely adhering (r), fo that the calx of

the gold may very eafily take it away to fup-

ply the lofs it had fuftained during the fo-

lution. That this is the true foundation of
the procefs, appears alfo from this, that the

weight of the diifolved gold is precifely re-

covered : it is alfo proved from this cir-

cumftance, that dephlogifticated vitriol will

not precipitate gold. It may reafonably be

enquired why the furrounding aqua regia

leaves fuch a precipitate untouched. The
reafon is, that the menftruum is diluted and

weakened by the quantity of watery for upon
boiling it gently, fo as to expel the water,

the menftruum recovers its folvent power,

and takes up the precipitate.—We come
now to the origin of the purple precipitate.

' (q) Treatife on Platina.

(V) Vol.I. p. 137, 387, 392.

VoL. II. C c That
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That a folution of gold in aqua regia

fhould be precipitated by a folution of tin,

the fame menftruum, is of more difficult ex-

planation : — in this cafe, it is the fame
menftruum that holds the two metals dif-

folved ; what then is the caufe of the

change ? At firft I imagined that the tin

had attradled a fuperabundance of the acid,

and taken it from the gold, which being

therefore deftitute of the proper quantity

muft neceftarily fall to the bottom : but

upon employing a folution containing fu-

perabundant aqua regia, the fame precipi-

tate was occaftoned. The caufe is therefore

not to be fought in the menftruum : let us

examine the precipitate itfelf, and perhaps

the knowledge of its properties will un-
fold the myftery. Its external appear-

ance fhews nothing like the metallic fplen-

dor, but altogether refembles a calx : it is

eafily found by its weight that it cannot

confft entirely of gold ; and in fad: chemi-

cal examination difcovers a confiderable

quantity of tin. It cannot be diftblved by

the marine acid alone, but, upon the addi-

tion of a little nitrous acid, is eafily taken up

:

triturated with mercury, it fcarcely unites

with it. Thefe properties feem to indicate

that the gold has fo far received phlogifton

as to refift the marine acid, unlefs aided by

the nitrous } but its earthy appearance, and

its habits with refped: to mercury, evince

that it is not in it!3 complete metallic form.



OF METALLIC PRECIPITATES. 387

May not therefore the following explana-

tion be conformable to truth ?—The foiution

of tin neceflary for this operation mufc re-

tain as much phlogifton as it poffibly can,

conliftent with folubility. This is dropped

into a foiution of gold very much diluted,

by which means the remaining phlogiflon.

of the tin is more loofened, and is more
ealily attradled by the gold calx, which is

thereby brought to a ftate approximating to

completion, fo that it can no longer be re-

tained by the menftruum ; and the fame
happens to the tin, by means of the de-

phlogiftication : they muft both therefore of

confequence fall to the bottom, mixed inti-

mately together. It is probable that in this

cafe, it is the tin which prevents the union
with mercury.

(e) Belides, the metals precipitate one
another after a certain order. This order is

found to be the fame in all acid menftrua,

and is mentioned in another place. This pre-

cipitation is eifedted by a double eledtive at-

tradtion (r )

;

for the’metal which is to be pre-

cipitated, exifls in the foiution in a calcin-

ed flate; but being reduced by the phlogif-

ton of the precipitant falls to the bottom,
while at the fame time the precipitant being

calcined becomes foluble : but if the preci-

pitant has been fo calcined, that a part of it

being infoluble is mixed with the precipitate,

(j) Treatife on EIe£tive Attra<5tions,

C c 2 the
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the metallic fplendor is wanting, and It

puts on an earthy appearance. A pure pre-

cipitate is of the fame weight as the metal

had been before the folution. The mixed
precipitates are lefs frequently met with,

yet gold precipitated by tin exhibits one of

that fort.

But many anomalous circumftances occur

in this matter, depending, no doubt, upon
accident. The order is indeed conftant,

and never inverted : zinc prevails over iron

;

iron over lead ; lead over tin ; tin over cop-

per ; copper over filver ; filver over mer-
cury, &c. : yet it fometimes happens that a

metal, which, according to the general rule,

precipitates another, in its metallic ftate, from
one menftrua, precipitates it from another in

the form of a calxj and from a third, not at

all. Some examples will illuftrate this :

—

zinc precipitates iron from marine acid in

its metallic ftate, but from the nitrous only

in the form of a calx. Perhaps the phlo-

gifton of the zinc is not fufficient to reduce

the iron, which in the latter cafe has been

much more dephlogifticated
;

yet the par-

ticles of iron, although they were at firft

metallized, may be again calcined in a men-
llruum which is very greedy of phlogifton.

Tin, precipitated from marine acid by lead,

appears in a complete form ; but is not

thrown down from nitrous acid ; and from
vinegar is precipitated in form of a calx,

even by iron and zinc : lead lets fall nothing

from
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from vinegar upon the addition of iron.

Thefe and other anomalies will be exprefsi^

ly examined in the dodtrine of attradtions: it

will be fufficient here to mention that a

fmall excefs of acid is necelTary j and that

without it no precipitation begins [t ) : but a

great fuperabundance prevents that opera-

tion, by again dilTolving the precipitate; be-

lides, the weights of the precipitates and the

dilfolved precipitants do not correfpond.

§ V. Colours of metallic Precipitates.

Before we confider the weights of the dif-

ferent metals, we fhall flightly touch upoa
the precipitates. I employed the mineral

alkali, as the degree of faturation of it with

aerial acid is more conftant. When I had

occahon for a cauftic alkali, I prepared it by
a fmall quantity of burned lime, in a dole

bottle : the goodnefs of it was proved by its

occalioning no precipitation in lime-water.

The preparation of phlogifticated alkali is

defcribed in another place (u).

(a) Gold dilfolved in aqua regia is preci-

pitated by cauftic mineral alkali, almoft

black ; by the aerated, yellow ; as alfo by
the phlogifticated, unlefs fome iron be pre-

fent, which frequently happens. As the

whole of the gold is fcarcely ever preci-

[t) This was firft obfervedby the celebrated Gahn.
(a) Treatife on the humid Art of Aflhying, § ii,

C c 3 pitated.
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pitated, I cannot pretend to afcertain the

weights.

(b) Neither the cauftic nor aerated mi-
neral alkali precipitate one half of platina,

diffolved in aqua regia j the precipitate is of

an orange colour, which on drying changes

to a brown. An over proportion of alkali

re-diflblves the precipitate with a more ob-

fcure tinge j nay, the precipitation is fo im-
perfect:, that alkali faturated with acid feems

to diflblve it. The phlogifticated alkali

does not precipitate the depurated fplution,

nor even make it turbid ; but heightens the

colour in the fame manner as the excefs of

alkali does.

(c) Silver diffolved in nitrous acid is pre-

cipitated white by aerated mineral alkali ; by
the cauftic brown ; and by the phlogifticat-

ed alkali of an obfcure yellow j by the ni-

trous as well as the marine acid, white ; but

the former precipitate confifts of more dif-

tind; particles, which grow black more
llowly in the light of the fun.

(d) Salited mercury is precipitated red,

or rather ferruginous, by aerated alkali ; by

the cauftic more yellowifh, or orange. Ni-
trated mercury, prepared without heat,

yields a ferruginous precipitate with mineral

alkali ; a black with cauftic : when pre-

pared with heat, it yields to cauftic alkali

an orange, or reddifh yellow precipitate : by
phlogifticated alkali it is precipitated from

all acids, white ; which, when dried, becomes

of
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of a brownifli yellow. Salited mercury is

very fparingly precipitated by this alkali.

The precipitate occalioned by phlogifticated

alkali is again diffolved if too much alkali

be ufed.

We have before {hewn that a white pre-

cipitate may be obtained by aerated vege-

table alkali, and have explained the caufe.

Corrofve fublimate muft ,be very cau-

tioully precipitated by cauftic, as well as

aerated fixed alkali j for the part feparated

may again be diifolved by a large quantity

of water. If too much alkali be ufed, a new
compound arifes of a peculiar nature.

(e) Nitrated lead is thrown down white

by aerated, cauflic, or phlogifticated alkali.

If too much alkali be ufed, the lafi: precipitate

is diflblved with a brownilh yellow colour.

Vitriolated and falited lead is precipitated

white.

(f) Nitrated copper, which folution is

blue, is precipitated of a bright green by
aerated fixed alkali ^ by the caufiic, of a grey-

ilh brown, which grows reddifh by age. By
phlogifiiicated alkali, copper is precipitated of

a greenifli colour^ which afterwards grows of

a brownifh red, and upon exficcation almofl

black. The aerial acid readily takes up a

fmall portion of copper during the precipi-

tation, which is again depofited by the heat

of boiling.

(g) Iron is precipitated green by the

aerated fixed alkali, from vitriolic and ma-
rine acid i this precipitate becomes of a

C p 4 brownifh
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brownifh yellow, efpecially on exficcation

:

with the cauftic alkali it approaches more
to black : in the precipitation fome part is

held in folution by the aerial acid, if the

aerated alkali be ufed : the phlogifticated

alkali yields a dark blue precipitate.

(h) Tin is precipitated white by every

alkaline fait, even by the phlogifticated al-

kali ; but at length fome blue particles,

which are mixed, appear, fo that the whole,

when qoliedted and dried, is of a light blue

colour. That thefe blue particles depend
upon iron is eafily feen upon calcination, for

they become ferruginous, and obey the mag-
net. I have always found in tin an admix-
ture of iron.

(i) Bifmuth is precipitate white by wa-
ter and alkalis, particularly the former

;

phlogifticated alkali throws down a yellow

powder, which being mixed with blue par-

ticles, occafioned by iron, at length appears

green. This yellow fediment eaftly diffolves

in nitrous acid.

(k) Nickel is precipitated of a whitifh

green by fixed alkalis ^ by the phlogifti-

cated alkali of a yellow; and by exficcation

it is condenfed into a dark brown mafs.

(l) Arfenic diflblved in acids, which
prevent too great dephlogiftication, may, to

a certain degree, be precipitated white by the

fixed alkali, even when phlogifticated, but

the fediment is found foluble in water; yet

nitrous acid, either alone or joined with the

marine.
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marine, generally dephlogillicates the arfe-

nical acid, which thereby becomes unfit for

reparation. Arfenic, diflblved in marine acid,

with the addition of a little nitrous acid

depofited a white fediment ; upon the addi*

tion of a large quantity of phlogifticated al-

kali, the fediment was. mixed with Pruffian

blue ; this was diflblved in water, and
freed by frequent filtration from the blue

particles, and at length, on evaporating to

drynefs, yielded a femipellucid mafs.

(m) Cobalt, diflblved in acids, is thrown
down by fixed alkali, whether aerated or

cauftic, of a reddilh blue, which colour, on
exficcation, grows darker, efpecially when
the former alkali has been ufed :

phlogifti-^

cated alkali throws down a powder of al-

mofl; the fame colour, which, upon exficca-

tion, becomes of a reddifli brown.
(n) Zinc is precipitated white by aerated

and caufliic fixed alkali, as alfo by the

phlogifticated alkali j but this lafl;, on exfic-

cation, becomes of a citron colour : a fmall

portion of aerial acid may eafily efcape dur-

ing the precipitation.

(o) Antimony is precipitated white by
alkalis, when the phlogifticated! alkali is

ufed ; at the fame time almoft always fome
blue particles are precipitated, although the

regulus had been prepared without any iron.

The operation fhould be cautioufly con-
duced, lefl: fome part be taken up by the al-

kaline fait.

(p)

Man-
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(p) Manganefe, which is procured by re-

diiftion from common magnefia nigra, ge-
nerally renders menftrua brown, and with
aerated alkali yields a yellowifh brown fe-

diment ; with the cauftic, one ftiil darker ;

with the phlogifticated, a powder is fepara-

ted, at firft a blue one, then a white, the

mixture of which renders the mafs a dark-

ilh or rather a black green. That the calx

of the manganefe may be obtained pure and
white, the precipitate occalioned by cauftic

alkali muft be diftblved in pure vinegar;

for there ftill remains a quantity of undif-

folved iron, which is taken up by the aerial

acid. This acetous folution contains little

or nothing of iron. That metal may alfo at

firft be feparated by a fmall quantity of vo-

latile alkali.

The common folution of the regulus is

not perfedlly precipitated by aerated alkali

;

and, upon the remaining liquor fpontane-

oufly evaporating to drynefs, upon the glafs

are depofited grains of a metallic fplendor,

and not unlike copper. Thefe are readily,

though but partially, diffolved in nitrous

acid ; but upon the addition of zinc, no-

thing but the manganefe falls, though at

firft it is a little reddifti. With phlogifti-

cated alkali, a yellow precipitate, like pure

manganefe, falls, provided the folution has

depofited the iron when too much dephlo-

gifticated by age ; but the new folution

yields a precipitate almoft like that which
is



OF METALLIC PRECIPITATES. 39^

is obtained from common regulus. The yel-

low fediment may be diffolved in water.

There is always a conhderable difficulty

attends the defcribing of colours, as the fe-

veral varieties, which are almoft innumer-

able, are deftitute of particular names. Co-
lours are indeed fubjed; to changes, but not

the fmalleft ever occurs without fome de-

terminate caufe ; they ffiould therefore be

carefully obferved, for from thence we fhall

always learn fomething, provided we conii-

der every thing with due attention.

§ VI. Nature and Compojitlon of Metallic

Precipitates,

' The metallic precipitates will reveal to

us many myfteries upon proper examina-

tion.

(a) Our firft inquiry ffiall be concerning

their weight. I have as yet only examined
thofe precipitates which are occafioned by
aerated mineral alkali, cauftic alkali, and
phlogifticated alkali. The refults of many
of thofe experiments I have been obliged to

rejed, as being too vague and indeterminate;

the reft I hope are fomewhat better founded.

But upon conftdering how difficult it is to de-

purate and waffi completely the metallic fe-

diment, fo that neither the alkali, the aerial

acid, the water, nor any other extraneous

matter ftiall adhere, I confider them only

as colledions of the firft terms of infinite

feries.
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feries, which converge very quickly.—In or-

der to obtain the nearell poffible approxima-
tion, I repeated the experiments frequently

in the moft accurate manner, and they are

here fubjoined. In the following table loo
parts of the metallic regulus are always fup-

pofed dilfolved.

100 partf
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Ĉ;
Ui 2
<u
rt g

.0

<u

4->

!§^
*0
<u
Ui

o-»
r*

nd
o
O
V+H
o

e«

CL
O
o

.—I

.
cs

•Td «-i

<u <u

rt .2
.2 2

*13

'O o
(u .ii u
*d »-• G
cS -M .!3

§4 -^oS-^oS
tiJ3.-( (u vd ^ 2 Id (u

»-G flj ^ 05 rt
0.2 ^ 3 CL,rt S o^

nd
w
4->

rt
u

03

oS
t-i

u
G
G« s

•o <U
.G *-*

*-* C 03
-1 id 1-

o

dd
<u
4-1

03 .

o Id
• fl>

Cji

bJ0"3
cG o .2

• -4 y 03 dr •«
p» o3 cj CL >•

03
C

•

<4^

C3

u
o
>

I

CO

G
u
k.
<u



398 OF METALLIC PRECIPITATES.

N vO
ro M

I

CO "^OO O'J^OO'-iOOO'^O
Os COM t\ONCoro«-nroMOO

c<s

o
s

I I I I I I I I I 1 i I I I I I

I I .

'TS
(U
03
'Ij

<D
G

TJ O
<31 •

ti
S p
<U cJ

U

-Q
03
<u
4-1

O
<L»

s-

O,

03
cj
(U

<4-4

03
OJ
4-1

'Tl

bJO'o

-G .tj

Ph >

GS
s/

1-^
<p5

fJ-H

Ui
<u
d

f"H

U (L>

OJ

d

i-r-l ^
’TJ Wi
<L) (U

cs

nd ui
<u <u

03
(U

: cs .G ci .S rH ^
CU rH

! ^ G ^ G 0
! B S • ^ G

r+->
^

'r^—I '-4 '—4 ,

Ci

03 o -rv03 o o3 o u •r'^ ^
(U ••-; bJO 5j ^ biO (u 05 bjO « .ib bJQ
ties OS'i^ OS'^ OrtcS O lu

<U (U cS G cJ fP <u rt rG G
c3 UPHrtU&4 rJP 0-1 O

O
• ^

04 a*

<L>

n
,

O4
O
U

G
O
u>

C

H
c;
• **1

pq



OF METALLIC PRECIPITATES. 399
O 1

CO N I

t-l M CJ

I OOONCOwvoOOOOOOCOO
1 CX> VO Tf- OwO Ov CO COCO vO

H-l l-t IH HH l-l KH t}- (-1 I-I M M M 1-1

1 I I I i I i I I I I 1 i I !

I I

(b) Upon



400 OF METALLIC PRECIPITATES.

(b) Upon comparing thefe weights, a

queftion at firft occurs concerning the caufe

of fuch enormous differences ; and it is plain

that this caufe muft be fought for in the

precipitates themfelves. The fixed alkali,

faturated with aerial acid, when added to

the folution, is taken up by the more power-

ful menftruum, and the weaker is of courfe

expelled, and is abforbed by the calx, as it

falls in greater or leffer quantity, according

to circumflances. That this is actually the

cafe is eafily demonftrated :—let a bottle,

containing a fufficient quantity of nitrous

acid, be accurately weighed ; let there be

put into it by degrees, e.g. 132 parts of lead,

precipitated by aerated alkali, and not only

an effervefcence will be obferved, which con-

tinues until the very laft particle is diffolved;

but when the folution is finifhed a deficiency

of weight is difcovered, which amounts

nearly to 21, and which is indubitably

owin^ to the extrication of aerial acid iii.

i;). But 132

—

21 = III, a weight which

ifill confiderably exceeds that of the metal.

Upon dillillation nearly 8 of water are difco-

vered ;
there yet remain therefore 3, which

by violent heat are increafed by 7 ;
for 132

of the calx, well calcined, yield no. The

whole increment of weight then does not

depend upon the water and aerial acid. The

fame thing is evinced from the confidera-

tion of the precipitate of lead by the caufiic

alkali, as it is evident that in this cafe there

is
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is no aerial acid ; belides, no effervefcence

accompanies the folution. If we fuppofe the

quantity of water equal in both cafes, yet,

even on this fuppoiition, the whole excefs

is not accounted for, for 116 — 8 — 108.

It is therefore probable that the matter of
heat is attached to the calx. This matter of
heat is always prefent in cauftic alkali ; for

W’hen it is diffolved in the limple acids, heat

is always generated. This opinion is con-
firmed bv the followino' confiderations :

w O
I ft. The increment of weight can fcarce be
conceived, without fuppofmg an increment

of matter. 2d. When the cauftic alkali is

employed no other matter can be fufpecfted.

3d. The fame caufe is alfo prefent when
the weight is increafed by dry calcination.

4th. Let the heat occafioned by the mix-
ture of determinate portions of any acid and
cauftic alkali be marked upon a thermome-
ter : let then an equal quantity of the fame
menftruum be faturated with a metal ; af-

terwards, upon the addition of an equal

quantity of cauftic alkali, it will be found
either that no heat is generated, or a degree

very much lefs than before. Some of the mat-
ter of heat therefore is taken up and fixed,

which alfo generally makes the colours of
the precipitates more obfcure, and in diftil-

lation with fal ammoniac communicates to

the volatile alkali the quantity that had been
taken away. What has been faid of lead is

alfo true of the other metals, a few excepted,

VoL. II. D d which
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which feem to take up little or no aerial

acid ; thefe are tin, antimony, gold, and
platina.

(c) But fome precipitates retain alfo a
quantity of the menfruum. Thus, corrofive

fublimate, precipitated by aerated alkali, re-

tains a portion ol marine acid, which cannot
be walked off by water; but by cauftic al-

kali the precipitate may be obtained, either

free of the acid altogether, or in a great
meafure. In this cafe, as in many others-,

the aerial acid feems to generate a triple fait,

which is fcarcely foluble. The pretence of
the marine acid is eafily difcovered by nitrated

fiver, if the precipitate be previoufly diffolv-

ed in pure nitrous acid. Plence we obferve
another difference in mercury precipitated

from marine acid, according as aerated or
cauftic alkali has been employed : the latter

precipitate, well wafhed and put into vola-
tile alkali, is fcarcely changed in colour; but
the.former inflantly grows white, generating
a fpecies of fal alembroth, but containing fo

litle marine acid as not to be eafily foluble

in water.

The calxes, which retain any of their for-

mer menftruum, generally give over on di-

ftillation a fmall portion of a fublimate. The
mercurial calx, juft mentioned, expofed to

a fufficient degree of heat, is partly reduced
to crude mercury, partly to mercurius dul-

cis, by means of its remaining marine acid.

This mercurius dulcis did not exift in the

lo precipitate;
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precipitate; for in that cafe it would be

eafily difcovered by acids, in which it is not

foluble, and would grow black with cauftic

alkali, neither of which things takes place ;

it is therefore generated during the diftilla-

tion.

(d) The nature of phlogifticated alkali is

as yet obfcure, but it polfelfes the fame pro-

perties, with regard to falts and alkaline

earths, as acids when loaded with phlogif-

ton do :—the fame is true with regard to

metallic calxes, with which it forms com-
pounds of a faline nature, though moll of

them are infoluble in water.

§ VII. Advantages refulting from the Exa-^

mination of metallic Precipitates.

In order to recommend the more accurate"

examination of metallic precipitates, I beg

leave to add a few words concerning the ad-

vantages to be derived from that labour.

(a) It is evident that by more intimate

acquaintance with thefe precipitates, the

chemical theory of the operation will be

better underflood.

(b) We may thereby be able to difcover

the more ufeful and remarkable properties.

No one is ignorant that aurum fulminans,

the mineral purple, and other encauflic pig-

ments, by which the colours of gems may
be imitated, have been derived from this

fource.

D d a (c) A
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(c) A foundation is thereby laid for the
art of allaying by the humid way, from the
bare knowledge of the weights. It may be
objeded, that the dodrine of the weights is

very fallacious
; that they vary in the dif-

ferent precipitates j that by imperfed pre-
cipitation fomething remains in the liquor ;

and that fometimes extraneous matters are
mixed with them. All this is true; but if the
mode of operation be always the fame, the
refults of the experiments will be conftant.
Let us fuppofe that a quantity of metal (a),

precipitated in a certain manner, makes a
weight (b) j if that fame manner be exadly
employed, we may fairly conclude that a
quantity of precipitate (n b), occurring in
any cafe, is correfpondent to a quantity ofper-
fect metal (n a), although in the fundamen-
tal experiment either the precipitation is in-
complete, or fome extraneous matter be pre-
fent. If all the circumdances which occa-
fion increafe or deficiency be carefully at-
tended to, the conclufion will remain un-
impeached : let the method therefore be ac-
curately determined, and there will be no
danger of fallacy.

(d) By this the nature of metals is illuf«

trated. Platina, nickel, cobalt, and manga-
neie, are fufpeded by fome perfons to derive
their origin from a mixture of other metals.
But if iron necefiarily enters into the com-
polition of platina, when this is difiblved in
aqua regia it fhould produce a Pruffian blue

3 upon
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upon the addition of phlogiflicated alkali

;

and this is the cafe in fad; when common
platina is employed, but not when it is

rightly depurated (w).

If iron, adhering very obftinately to nick-

el, formed a great part of it, the precipitates

obtained from it by alkalis could not differ

from martial precipitates fo much as they

do, in colour, weight, and other properties.

The fame is true of cobalt and manganefe.

The regulus obtained from magnefia nigra

contains about o,o8 of iron : let us fee how
this affeds the mixture.

1 00 diffolved in an acid menftruum yields

to phlogiflicated alkali a powder, confifting

partly of blue, partly of brownifh yellow

particles, which is equal in weight to 1 50 lb.

;

but 8 lb. of iron yield 48 of Pruffian blue,

nearly t of the whole mafs : hence it fol-

lows, that 100 parts of pure manganefe

yield to phlogiflicated alkali fcarcely iii,

f. e. nearly fix times lefs than an equal

weight of iron.

(e) Finally, it may by this m_eans per-

haps be poffible to determine the unequal

quantities of phlogiflon in different metals ;

for a given weight of precipitating metal

does not yield an equal quantity of precipi-

tate : thus, e. g. copper is able to precipitate

from nitrous acid four times its own weight

of filver.

(tu) Treatife on Platina, § vii. (g).

Ddg DISSER-



DISSERTATION XXIV.

OF THE

ART of'ASSAYING

IN the

humid way.

§ I. CircumJ}ances attending ajfaying by the

dry Way.

^
I

' HERE is no doubt but ores were
up, and their metallic contents

extracted, long before the invention of the
docimaftic art ; but the fuperior induftry of
later times has difcovered the neceffity of
making trials 'in fmall, by which the qua-
lity and goodnefs of the ore being previouf-
ly known, unnecelTary expence may often
be timely guarded againft

; and, as the great
works are effedted by means of fire, it was

though^
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t^iought proper to employ the fame agent in

the lelfer experiments. The firft attempts

certainly were extremely rude, but repeat-

ed and colledled trials have gradually ad-

vanced it to the form of a fcience, or rather

of an art, which although, no doubt, long

concealed in the laboratory, was not pub-

liihed until the middle of the i6th century.

The firlf book upon this fubjedf is generally

attributed to Lazarus Ercker j
this was

publilhed in 1574. But Agricola, in his

feventh Book de re Metallica, publiflied in

1 576, defcribed both the inftruments and

the proceffes, and illullrated them with

plates. And from the preface to the Ars Do-

cimadica of Modeftinus Fachs, it evidently

appears, that the manufcript had been pre-

fented, in the month of March 1 567, to the

elector of Saxony, though it was not pub-

ihhed until after Ercker’s book. In pro-

cefs of time this art became far more per-

fedt ; but we have not leifi^ to purfue it

through its fucceffive Hates of improve-

ment.

In the docimafia ficca three circumftances

are necelfarily required ;— i. That the metal

contained in the ore be all reduced to a com-

pleteform ;
for fuch part of it as is deficient

in that refpedt, cannot be united with the

eliquated metal. 2. Idhat the fame be col-

leCled into one mafs j
for when it is in the

form of numerous fmall grains, fome of

them are very eafily fcattered, and dimini fh.

D d 4 the
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the weight. 2. T^hat the metalhcform once
induced be preferved ; for the extracted re-
gulus muft inevitably be diminilhed more
or lefs by calcination.

All thefe requifites are frequently efFedl-
ed commodioufly and perfedly enough by
fuiion in a crucible with proper ftrata of
charcoal, provided the ore is free from ful-
phur, and every other volatile mixture, and
is either entirely without a matrix, or united
to one which is fuiible by a moderate degree
of heat but if the matrix be refractory,
notwithftanding the moft fubtile pulveriza-
tion it will cover many metallic particles,
and thus prevent their reduction and fu-
fion. In this cafe it is necelfary to em-
ploy fuch additaments as not only promote
fuiion, but occafion fuch a degree of tenui-
ty as may fulfer the reguline particles to fall

to the bottom. Xo this they are naturally
dilpofed by their great fpecilic gravity; but,
neverthelefs, if the mafs be tenacious or
thick, and efpecially if they themfelves be
Imall and difcrete, they are kept floating by
the great friClion which is to be overcome
in their defcent. Thefe additaments, v/hich
from their elFeCt are called fluxes, are of a
faiine nature, and rnmlf therefore neceflarily
coil ode the metals more or lefs ; and hence
the fcoriffi, which are almofi; always tinged,
contain a quantity of calcined metal.

But, fo long as we are deflitute of a fiire
?nethod of rneafuring intenfe degrees of heat,

and
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and fo long as it is necejfary to perform the

operation in clofe vefels, to prevent the accefs

of air, fo long will the force and proper

continuance of the lire be, as it has hither-

to been, uncertain. Now, by every ex-

cefs or defed: in this point, fomewhat of

the regulus is loft ; fo that any judgment
of the goodnefs of the ore, formed from the

weight of the regulus, muft be fallacious

and uncertain, or at leaft fomewhat inac-

curate.

All this fufficiently ftiews, that experi-

ments made in the dry way are ftill liable

to many faults and imperfedions; to which
we may add fome more ; viz .—Any given

quantity of ore, fubjeded to trial, almoft

always exceeds the regulus to be extraded

from it very much in weight. Now, fince

it is almoft impoffible to avoid a certain

lofs during both calcination and fulion, this

lofs will be the more remarkable as the

mafs ultimately to be weighed becomes
lighter. The cafe is quite otherwife with
experiments made in the humid way ; for

here the weight of fediment, from which the

quantity of the content is judged, is never

lefs, but often greater, than that obtained by '

lire. Let the lofs fuftained in examining
equal quantities of ore in both ways be the

fame, and denoted by (n) ; let the quantity

of regulus, obtained by hre, be exprelfed by
(a) j that of the fediment colleded in the

humid way by (m a) ; and the true value

of
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of the regulus will be a -f- n* This being
fuppofed, as (m) is never lefs than unity, it

is obvious, that, except in cafe of equality,

n : a >> n : m a j and, befides, that (n) is the

more diminifhed in refpedt to (m a) in pro-

portion as (m) exceeds unity the more. The
examples occurring hereafter will illuftrate

this truth more at large.

§ II. General Obfervations to be made in

conducting the Procefs of af'aying by the

Via Humida.

Chemiflry has at length begun to examine
the compofition of ores by means of various

menftrua
^
yet it muft be confeffed, that the

fragments of the humid art of allaying,

which have hitherto been pubiilhed, are

rather to be confidered as inflances of a

mixed method, in which the mineral ana-

lyfis is accomplifhed partly by the dry,

partly by the humid method. The metallic

part is indeed extracted by a menllruum,

but is afterwards reduced by fire. In the

following pages, however, I fhall endeavour

to point out means by which the end may
be anfwered in the humid way alone, with-

out calcination or fulion. -— It is by no

means my intention to depreciate the dry

way. In pradtice, the moll commodious
and moft accurate procefles ought always to

prevail i but a due comparifon of thefe two

methods can never be inllituted, nor the

bell
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beft methods of operation chofen, fo long

as either remains clogged with difficulties

and impediments. In the profecution of

mineral analyfis, it is therefore of the high-

eft moment to remove thefe difficulties j for

the docimafia licca conceals and confounds

many of the heterogeneous admixtures ;

and if, by means of the humid way-, thefe

can be all fegregated and determined as to

quantity and quality, not only much light

will be thrown on mineralogy and metal-

lurgy, but the true foundations of thefe

fciences laid, as any perfon who is not en-

tirely ignorant of them may readily per-

ceive. Very often it is ufeful to know, not

only the heterogeneous metallic fubftances,

which fometimes, to the amount of three or

four, are mixed with the extracted regulus,

but frequently, alfo, the occijlt earthy ma-
trix ; and yet neither of theft can be accu-

rately difcovered, except in a very few cafes,

by the dry method, as it has hitherto been

pradtiftd ; for it is evident, that in fuftd

malTes the admixtures which ought to be

removed, are the better protedled by the

genuine materials in proportion as the for-

mer are more diminiffied j a circumftance

which cannot take place in folutions, which
may be diluted ad libitum. It muft indeed

be confelTed, that experiments in the humid
way often require more time, more care

jind pains ; but if accurate concluhons are

thereby fupplied, we fhould not be difficult

about
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about flownefs. Befides, in many cafes this

method is more expeditious than the other ;

and that indeed almoft always, if we are

content with fuch difcoveries as can be

made by the common calcinations and fu-

fions 5 nay, fometimes the dry method is

obvioudy infufficient, when the metallic

content is either very fmall or volatile, but

particularly if it be indammable, as is the

cafe v/ith zinc.

In the following experiments an aifay

cwt. was always employed, unlefs where
it is exprefsly mentioned otherwife. Con-
clufions fufficiently accurate may indeed be

often obtained from 25 lb. nay fometimes

from fmaller quantities. In thefe cafes I

have mentioned the ufual quantity, applying

to them thofe formulas of calculation which
are founded on the mutual proportions of

the proximate principles conflituting me-
tallic falts, and which are determined in an-

other place [a) from the weights of me-
tallic precipitates. By an eafy fubftitution

the fame formulas may be ufed by thofe

who employ | or § cwt.

The ores to be examined fhould be re-

duced to a very fubtile powder by pulveri-

zation and elutriation.

The folutions of fuch ores as contain

fulphur require much caution : if poffible,

(^7) See the Treatife on the Analyfis of Waters, § xi

and this Treatife, § vi.

the
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the vitriolic or marine acid fhould be em-
ployed ; for by continued heat the nitrous

acid deftroys the fulphur : by too violent an

heat, alfo, fome of it is diffipated in va-

pours, or is melted into globules containing

heterogeneous matters ; therefore, if it can

be done, boiling diould be avoided.

All the precipitates muft carefully be
waflied, collected, dried, and weighed, as is

obvious. It is fufficient here to mention
this, to avoid the trouble of repetition.

Diflilled water fhould conftantly be ufed,

and all the menftrua carefully depurated. I

call vitriolic acid diluted when its fpeciiie

gravity is below 1,3 ; nitrous, when below \
1,2 ; and the marine, when below 1,1,

The precipitations fhould be carefully

made (in glafs veffels), fo that neither by
the deficiency of the precipitant fliall any

thing remain in the menftruum, nor by its

abundance any thing be re-diflblved. The
clear liquor is to be decanted from the fedi-

ment, water poured on in its place, the vef-

fel fhaken, and then fuffered to ftand ; the

water again decanted oft, and frefh poured

on, until it no longer can affed: certain pre-

cipitants by which it muft be examined.

This being done, the fediment is to be

colled:ed upon a filter (firft weighed) made of

paper not impregnated with alum, dried at

firft with a gentle heat, but after expofed for

five minutes in a clofe glafs veflel to 100° of

heat
j
upon cooling it is to be weighed, to-

gether
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gether with the filter, the known weight of*

which muft afterwards be fubdudled. The
befl method of wafhing the fediment is in a

bottle; for the filter, when once filled with
a faline folution, is not without great diffi-

culty freed from it, efpecially if there in-

tervenes a delay of fome, hours.

When I fpeak of an alkaline precipitant,

the mineral alkali, charged to faturation with
aerial acid, is always to be underfiood.

The alkali, which is commonly called

phlogifticated, I always prepared in the fame

way equal weights of the purefl nitre

and cream of tartar, well pulverized and
mixed, are heated in the ufual way and de-

tonated. The common white flux is thus

procured half an ounce of this is diffolved

in a cucurbit, in half a quadrans of diftilled

water ; then in a digefling heat are gradual-

ly added two ounces of Pruffian blue, care-

fully avoiding fuch an effervefcence of the

liquor as may throw any thing over, which
eafily happens if the quantity be too large :

the pigment foon lofes its beautiful colour,

not growing red but black, v/hich evidently

fhews that a complete decompofition has

not taken place. The Pruffian blue for

fale, is not always found of the fame qua-

lity. That which was ufed in the fol-

lowing experiment, contained in 100 parts

77 of clay, and only 23 of the pigment ; fo

that if it be thought proper to employ the

blue made without any alum, 221 giains

will
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ivill faturate the half ounce of alkaline fait

more completely than the two ounces above

preferibed, and the bulk of the reliduum is

thereby alfo leffened. Whatever way the

operation be performed, after the addition of

the laft portion the whole muft be expofed.

to a ftronger digefting heat, and the mafs

often ftirred with a wooden rod : if the li-

quor be too much diminilLed by evapora-

tion the defedt muft be fupplied by warm
water. At length the lixivium becoming
clear, let the reliduum be collefted on a

filtering paper, and gradually wallied with
warm water until all the foluble part is fe-

parated. If the operation be rightly con-

duced, the clear liquor amounts to an whole
quadrans, of a brownifti yellow, and fo fa-

turated as not to make paper tinged by Bra-

zil wood blue ; hence the colouring prin-

ciple united to the alkaline fait feems to

be of an acid nature
; but the Pruflian blue,

and other metallic precipitates of the fame
kind, always yield on diftillation, befides an

unCuous matter, a diftinC volatile alkali.

The lixivium faturated with the colouring

matter contains alfo a fmall portion ofperfeC
Pruflian blue, about 4 lb. to a cwt. of the

alkaline fait; which are feparated on the ad-

dition of the acid: thefe Ihould be previoufly

feparated, or, what is better, correCed, by
fubduCing from the weight of the fediment

16 aflay pounds for each quadrans of the

lixivium. When the queftion is about a di-

ftinC
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flindt colour in the precipitate, the lixivium

muft neceffarily be employed well depu-
rated : thofe who negledt this precaution,

readily perfuade theml'elves that any metal,

precipitated by our lixivium, can put on
the blue colour. But if the queftion be

only about the weight, let the lixivium, ftill

loaded with a fmall portion of Pruffian blue,

be dropped; however, the proper corredtion

mull ultimately be employed ; for the pre-

cipitating acid, in a fhort time, is wont
alfo to weaken the properties of the lixi-

vium, and even to deftroy them, efpecially

in a warm temperature. Lime, whether
aerated or cauftic, is alfo capable of abftradt-

ing a colouring fubftance from iron and other

metals. We flrall perhaps fpeak in another

place more at large of the qualities and
properties of thefe combinations, here we
only treat of their preparation and ufe.

In the precipitating of metals by metals,

it is to be obferved, that the acid of the fo-

lution ought to be fomewhat predominant

;

but any more conliderable excefs muft be

corredted occafionally, either by alkali, wa-
ter, or fpirit of wine.

§ III. Ores of Gold,

Gold occurs in the bowels of the earth

native, poffeffing a compleat metallic form,

although in general the fmall particles of it

are
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!ire fo intcrfperfed in various matrices, that

they are entirely invifible
; it is alfo found

mineralized, that is, united with fulphur, by
means of iron, or fome other metal. Thefe
two fpecies of ore we fhall confider fepa-

rately.

(a) Native gold is very feldom, if ever^

entirely free from heterogeneous matters j

the moll: ufual inquinaments are copper, fil-

ver, and fometimes iron. The lirll: of thefe

remains in the menftruum, and may be fe-

parately colledted, if the gold be dilTqlved

in aqua regia, and precipitated by martial

vitriol (§ VIII.) ; the fecond falls during the

folution, yielding^ a falited filver, which,
walhed and dried, /hews the weight of the

lilver contained (§ v.) ; finally, the lad is

difcovered by a phlogifticated alkali, and is

edimated in a manner elfewhere defcribed

(§ IX.). The precipitate pccalioned by the.
'

martial vitriol is pure gold in its metallic

form, although very fubtilely divided
; and

therefore the weight found requires no cor-

rection.

From the preceding and following cir-

cumdances it appears, how a fmall portion

of gold, inhering in the ores of other me-
tals, may be extracted ; belides, a folution;,

containing the mod minute particle of gold,

indantly produces the purple precipitate of

Cadi us, with a folution of tin properly pre-^

pared.

E eVoL. II. (b) As-
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(b) As to the ore which contains gold

adhering to and furrounded by ilony parti-

cles, firft a determined weight is to be

reduced to an impalpable powder, by triture

and elutriation.

Then let the powder, weighed a fecond

time, be boiled in aqua regia, fo long as any

thing is taken up by the menftruum j
after

which let the exhaufted ore, well walhed,

be colledted, exficcated to ignition, and

weighed.

Let the clear folution (the colour of

which in fome degree affords a method of

judging) be precipitated in the ufual way by

martial vitriol ; the precipitate well wafhed,

dried, and weighed, fhews the gold, which,

added to the weight of the exhaufted ore,

ought to equal the original weight, unlefs

fomewhathas been difperfed by the pulveri-

zation, or iinlefs fome of the matrix has en-

tered the menftruum ; the former of thefe

is difcovered by comparing the weights be-

fore and after pulverization, the latter by

precipitants.

When grains of gold are mixed with loofe

earthy particles, they are fometimes eafily

feparated by mechanical application of wa-

ter.

(c) Let one or more affay cwts. of the

golden pyrites, reduced to powder, be gently

boiled in diluted nitrous acid, or rather di-

o-efted in an heat of 50“—8o“, left the fulphur

ftiould be deftroyed j a gentler heat even is

neceffary
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necefTary for this purpofe, that the fulphu-

reous particles, gradually feparating, may
remain in their natural ftate ; for if they fufe,

the heterogeneous particles, which ought to

be removed, will be included in the fufed

mafs.

This operation muft be fo condudled, that

the menftruum may be added in feveral por-

tions, at each turn about fix times the weight
of the ore ; this attacks the pyrites with an
effervefcence, occafioned by the extrication

of a large quantity of nitrous acid. When
this effedt ceafes, another portion is to be

poured on, until the fulphur is obtained

pure, and marked with its genuine colour.

This procefs generally requires to one part

of the ore from 12 to 16 of the acid.

Let the fulphur, when waflied, be col-

ledted upon a filter, dried, and weighed :

whether it be pure or not is eafily deter-

mined by the caufiic fixed alkali.

If the matrix is infoluble in the men-
ftruum, it remains at the bottom, together

with the gold, which is diftinguiftied by its

peculiar fplendor and colour, and may be

feparated from the powder of the matrix by

careful elutriation. The particles of gold

do not afihme the form of impalpable atoms,

but of grains, very fmall indeed, but fuch

that a difcerning eye will readily obferve

their angles and inequalities ; and their ap-

pearance may perhaps lead to a fufpicion

E e 2 that
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that they have been rather mixed with, than

diflblved by the pyrites.

The clear folution is generally green ; let

this be evaporated to drynefs, then ignited

and weighed. If there be other metals be-

fides iron prefen t, they may be extraded by

fuitable menflrua ;
copper by the volatile

alkali j
manganefe, which is generally pre-

fent, by dilute nitrous acid^ with the ad-

dition of a little fugar ; zinc by any men-

ftruum, although this is fcarcely ever found

in gold pyrites j and filver by pure nitrous

acid. When calcareous earth forms the

matrix, it unites with nitrous acid, and

yields a nitrated lime j
when clay, it forms

an alum with vitriolic acid.

The fum of the weights of all the ingre-

dients fliould be equal to the original

weight ; and, unlefs fome lofs has been

fuftained .during the operation, any defi-

ciency is to be attributed to the lulphur

deftroyed.

(d) I have as yet only feen one fpecimen

of the ore of Nagyay ;
this confifts of a

grey quartz, and a white matter not unlike

a fandy ftone, which is taken up with effer-

vefcence by acids, without imparting any

tinge to the menftruum. The folution

forms, with aerated alkali, a white preci-

pitate, and with phlogifticated alkali a

brownilh yellow. By the dry method the

fame matrix foon grows black in the fire,

I andy
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and, according to circumftances, tinges mi-
crocofmic fait either with a purple colour,

or does not tinge it at all ; it is there-

fore (/>) an aerated manganefe. This matrix

contains difperfed in it lamellae of the co-

lour of lead, or a little darker, which yields

to the knife : thefe, with warm aqua regia,

grow quickly white, and are totally dif-

folved with effervefcence, tinging the men-
IxTuum yellow ; on cooling, the folution

depolits acicular cryflals. If we were pro-

vided with a fufficient quantity of the ore,

I have no doubt but its confituent princi-

ples might be feparated in the humid way
by proper menftrua.

§ IV. Ores of Platma.

So far as we know, the metal called pla^

tina is not found any where but in Ame-
rica, and is always native. The only metal

with which this is conftantly alloyed is

iron, the greatell part of which may be fe-

parated by repeatedly boiling the grains of

platina, reduced to as fine a powder as pof-

fible, in marine acid ; in this way the ori-

ginal weight is generally diminifiied about-

0,05.

The platina, being thus depurated, and

dilTolved in aqua regia, eafily difcovers itfelf

{b) Treatife on the White Ores of Iron, § vii,

E e 3 by
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by means of martial vitriol, if any gold be
prefent : on the other hand, if platina con-
tains a fmall portion of gold, this may, for

the moft part, be precipitated by any neu-
tral fait, containing vegetable or volatile

alkali.

§ V. Ores of Silver.

Silver, befides its complete form, puts

on in the bowels of the earth a variety of

forms, partly united with fulphur, either

alone or with other metals, partly minera-
lized by acids.

(a) Native filver is generally allayed with
gold or copper, or both ; the filver and
copper are eafily taken up by nitrous acid;

and if any gold be prefent, it appears at the

bottom like a black powder, which by fo-

lution in aqua regia, and precipitation by
martial vitriol, may be made at pleafure to

alfume a more metallic appearance.

This feparation being elfedted, the cop-

per remaining in the liquor may eafily b^

colledled by means of iron, or aerated al-

kali.

There has lately been difcovered a new
variety of filver ore, which is extremely

rich ; this is found in two different places,

namely, at Andreafberg in Hercynia, and at

Wittjchen in Fuflenberg ; a fpecimen of

each is to be feen in the Academy’s collec-

tion. That of Fuflenberg has the appearance
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of irregular grains conglomerated, which
polTefs a metallic fplendor, are a little yel-

low, and, together with native filver, are

contained in the common white fpathum

ponderofum. The grains, when examined,

are found to contain hiver, allayed with a

final] portion of regulus of antimony. Thefe
metals may be feparated by concentrated

nitrous acid ; for the firft is thereby diflblv-

ed, and the latter corroded into a white

calx. Aqua regia takes up the antimony, a

falited hlver remaining at the bottom. The
particles of this ore are fomewhat malleable,

and fhould be reduced as hne as poffible

before they are put into the menftruum.
The ore of Hercynia is called butyraceous ;

that which I have feen, exhibited, in a cal-

careous matrix, very thin leaves of metal,

the fcarcity as well as tenuity of which, in

the above-mentioned fpecimen, prevented

me from making proper experiments ; fo

that I dare not abfolutely affirm that this

agrees with the former in its properties,

although it appears very probable.

(b) Silver united with fulphur alone is

black, and is commonly called the glaffiy ore

of filver. Let this, divided and commi-
nuted as much as poffible, be gently boiled

for an hour in 25 cwt. of diluted nitrous

acid i the liquor being decanted, let the

operation then be repeated with an equal

quantity of the menftruum ; and unlefs the

pure fulphur be now feparated, the men-
E e 4 ftruum
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ftruLim is to be employed anew : the lafl

particles of the filver adhere obftinately tq

the fulphur : if any gold be prefent, it re-

mains imdilTolved at the bottorq.

The decanted liquors being colledled, are

to be deprived of the filver by the addition

of common fait ; let this, when colledted,

vcaflied, and dried, be = a, and the filver

required will =
129.

Let the fulphur be weighed feparately,

and its weight, added to the above, fhould

amount to lb. 100, if the operation has

been rightly performed, and no decompofi-

tion of the fulphur has taken place.

The clear liquor which pafles in filtering

the luna cornea, upon the addition of a phlo-

gifticated alkali quickly difcovers the fo-

reign metal accidentally inhering in it : and

after this precipitation the earthy contents

are exhibited by a fixed alkali. The reliquiae

of the infoluble matrix are with difficulty

fepar.ated from the fulphureous particles

let the fum of the weights be firfl enquired,

then let cauftic alkaline lixivium be poured

on, and the fulphur diifolved in a gentle di-

geflingheat ; the matrix then remains alone,

and its weight determines that of the ful-

phur. The digeftion mufl: not be continu-

ed longer than is neceffiiry, for the filiceous

earth is alfo capable of entering the lixivi-

um. However, this inconvenience is not

very much to be apprehended, for to this

effedf
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effed: the mechanical divihon muft be far

more completely performed.

(c) Silver, united to fulphur and arfenic

jointly, is generally diftinguiflied by its red

colour, fometimes beautifully pellucid, re-

fembling a ruby ; but it is fometimes grey,

metallic, and opake. All thefe varieties

however yield a red powder, and hence it is

called the red ore of iilver.

Let this, reduced to a very fubtile pow-
der, be twice gently boiled in diluted ni-

trous acid as above: a part of the menftruum
being decanted off, let the white powder
which remains at the bottom be well wafli-

ed with diflilled water : let the filver be
precipitated from the clear liquors, colledt-

ed by means of fea-falt ; and finally, let the

falited fediment, properly treated, be weigh-
ed as before.

Let the white powder above mentioned
be quickly boiled in a fufficient quantity of

aqua regia, until the arfenic be diffolved, and
the fulphur appears pure. The yellow fo-

lution, cautioufly decanted, lets fall a very

white powder, upon the addition of a fuit-

able portion of water
; and the fmall quan-

tity which is taken up by the water is col-

lected by evaporating to drynefs.

The fulphur now feparated, though
,
it

appears pure, yet ftill contains a little fil-

ver, which could not eafily be feparated

before by the nitrous acid, on account of the

^rfenic : but when the arfenic is taken away
by
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by the aqua regia, the remaining parts of

the lilver are taken up by the marine acid,

entangled in fulphureous particles. In or-

der therefore to free the fulphur from this

falited filver, let caufhic volatile alkali, di-

luted with water, be poured on, and kept in

a well-clofed veffel for fome days—a weight
of the alkaline liquor equal to that of the

fulphur is fufficient. The fulphur being
v/eighed before and after the operation, in-

dicates the weight both of itfelf and of the

falited lilver.

If any iron be prefent, which I have
feldom experienced, it may be difcovered

in the liquors firfh precipitated with the fait

or water, by means of phlogifcicated alkali.

(d) Silver united with fulphur, arfenic,

and copper, is generally called the white ore

of filver, and is examined in the following

manner :—let i cwt. of the ore, reduced to

powder, be gently boiled for an hour in a

little more than twelve times its weight of

diluted nitrous acid. The dry powder grows
black and foul ; and, when added to the

acid, fends forth an hepatic fmell, a portion

of it is, dilTolved, and at length a white re-

fiduum remains at the bottom : upon fub-

fiding, if the liquor cannot be decanted clear,

let it be filtered. This liquor contains the

filver and the copper ; the former of thefe

cannot be precipitated alone by muria, be-

caufe the marine acid attradls the copper

more ftrongly. A white precipitate, com-
pofed
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pofed of fmall aciculas, is indeed thrown
down ; but upon expofure for fome days to

the rays of the fun, does not grow black in

the fmalleft degree ; and it confids of a pe-

culiar combination of marine acid, hlver,

and copper. The hlver therefore in this

cafe is to be precipitated by a determined

weight of copper j and afterwards the copper

to be feparated by iron or aerated alkali

(§ VIII.) ; but the ultimate weight is to be

diminiflied by that of fuch part of the pre-

cipitant as has entered the menftruum.
Let the white rehduum be boiled in ma-

rine acid, and precipitated by watery thus

we obtain the arfenic with a fmall portion

of marine acid, which yet it retains obfti-

nately, as is elfewhere obferved.

The arfenic being feparated, the fulphur

remains alone, and muft be proved by vola-

tile alkali, to try whether it hill contains

any copper or falited hlver.

(e) Silver mineralized by fulphur, fome-
times alfo contains antimony : this ore often

forms capillary threads of an hoary brown
colour : let this be gently boiled, or rather

digefted, for an hour, in hx times its weight

of diluted nitrous acid, until the hlver is

dihblved, and all the antimony reduced to a

white calx, which, after decanting the li-

quor, may be feparated from the fulphur

by marine acid, and precipitated by water.

The folution of hlver is to be precipitated
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by muria, and i cwt. feldom contains more
than four ounces.

(f) Belides fulphur and antimony, there is

fometimes alfo prefent copper and iron ; but

the experiment in this cafe may be conduc-
ed in the fame way, only with a double pro-

portion of acid. Thefe metals all remain in

the liquor, but are eahly feparated by preci-

pitating the filver, by means of copper

;

and the iron by zinc, or an alkaline fait.

(g) We fometimes meet with filver mi-
neralized by fulphur at the fame tinie con-

taining iron : but in the ore which the Ger-
mans call ^eifert% filver is frequently ab-

fent, fo that the filver which is fometimes

difcovered in it feems to be native.

(h) Silver, mineralized by the marine and
vitriolic acids, is commonly known by the

name of corneous ore of filver : the colour

of this is white, green, yellow, violet, or

black. Two remarkable varieties of it oc-

cur, the one may be cut, and is fomewhat
malleable j the other brittle, which, belides

the acid, alfo contains fulphur.

Let lOO of the former, comminuted as

much as poflible, be plunged into marine

acid, and kept for one day in a digefting

heat, lhaking the mixture from time to

time : let the liquor be afterwards decanted

clear, and the reliduum, previoufly well

wallied with water, be added to the liquor :

then let nitrated terra ponderola be gradually.

dropped
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dropped in, until it ceafes to occalion any

precipitation. Suppofe the weight of the'

precipitate, waihed and dried, = a ; now
vitriolated terra ponderofa, whofe weight is

a, contains of acid 0,15 a, which corre-

fponds with vitriolated filver 0,48 a; for

from 100 of vitriol of filver 68,75 nietal

is obtained by redudtion. All the filver is

not precipitated from nitrous acid by the

vitriolated mineral alkali ; the falited filver

therefore, will be 100 — 0,48 a. In the

former fait the filver contained is exprefied

by 0,33 a; in the latter by 75,19— o>36 a,

and therefore* the fum required for the 100
will be 75,19 — 0,03 a. Thefe and the

following formulas depend upon the mutual
proportion of the principles, and the weights

of the precipitates, which are experimental-

ly determined in the Tradt on metallic Pre-

cipitates (§ VI. a).

The brittle horny ore alfo contains ful-

phur, but the faline part may be extract-

ed by volatile alkali, and the quantity of

filver afterwards determined by the method
above mentioned (c).

(f) Artificial falited filver may, without any confider-

able lofs of the metal, be reduced in the following man-
ner :— let the mafs be mixed with an equal bulk of alkaline

fait in a glafs mortar, and by means of a few drops of

water be formed into a globule
;

let this globule be put

into a crucible, the bottom of which has previoully been

ftrewed with fal fodte, comprefied, and well covered with

the fame alkali
;
an heat fufficient for fufion being then

applied, the whole of the metal will be recovered if the

falited filver has been accurately collefled.

§ VI. Ores
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§ VI. Ores of Mercury.

Mercury is afforded by nature, either na-

tive or mineralized by fulphur or acids.

(a) When native it is eafily diftinguifh-

able by its fluidity, and is feldom mixed
with any other metals but gold, filver, or

bifmuth, which frequently exifl: native, and

are very eafily foluble by this liquid metal;

if any of thefe be prefen t, the firfl; remains

at the bottom, when the mercury is dififolved

in nitrous acid ; the third is indeed taken

up by the menftruum, but precipitated by
water ; and the fecond is difcovered by fea-

falt, which alfo precipitates at the fame time a

falited mercury, which is eafily feparable by
its greater folubility.

(b) In cinnabar the union between the

fulphur and the metal feems to be more
complete than in other mineralizations, as

it cannot be decompofed either by vitriolic,

nitrous, or marine acid. I have even at-

tempted to difunite them by a folution of

cauftic fixed alkali in water, and by boiling

for many hours, but in vain. However,
there are two ways of effedling a perfedt de-

compofition ;
one by gently boiling for an

hour the cinnabar with eight times its

weight of an aqua regia, one fourth of which
confifts of marine acid ; the other by boil-

ing it in marine acid, with the addition of

tV the cinnabar’s weight of black calx of

manganefe.
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manganefe. In both cafes the menftruum is

the fame, namely, a dephlogifticated marine
acid ; but in the firft cafe the acid is dephlo-

gifticated by the nitrous acid, in the latter

by the calx of manganefe ; the former is

however the beft, as no heterogeneous mat-
ter is fuperadded.

By whatever method the metallic part of

the cinnabarisdiirolved,the feparated fulphur

may be colledted by a filter, and the mercu-
ry precipitated by zinc : copper precipitates

falited mercury in a more imperfed; manner.
If the cinnabarine ore under examination

be very much entangled in the matrix, it

mufi; be freed from it as much as mechani-
cally can be done by lotion ; then the fo-

luble parts of the matrix taken away by
nitrous, marine, or vitriolic acid, occafional-

ly ; and finally, the metal itfelf feparated by
aqua regia.

(c) Mercury has alfo lately been difco-

vered mineralized (J) by the vitriolic and

marine acids. The former may be fepa-

rated by the help of marine acid, by tritu-

ration or digeftion, and the metal precipi-

tated by nitrated terra ponderofa ; but the

weight of the new earthy fait a, being

given, we can eafily learn the quantity of

metal (as before obferved § v.) : yet as ni-

trated mercury is not totally precipitated bj

(d) Mr. Woulfe was the firft who difcovered that

thefe two acids aft as mineralizing fubftances with re-

fpect to mercury.

3
vitriolated
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vitriolated mineral alkali, we muft not herd

depend upon the weight of the precipitate;

By another procefs, therefore, we obtained

from 100 of vitriol of mercury 33,899 of

pure metal, and from an equal weight of

corrofive fublimate 75,5 ; from whence the

data of a calculation are eafily deduced

:

for, let the quantity of vitriolic acid =; o, 1 5 a

;

the vitriol of mercury containing this =
0,44 SLi and the falited mercury = 100 —

^

0,44 a. In the former fait the mercury con-

flitutes 0,29 a, and in the latter 72,5— 32’

a j fo that the whole metallic content in 100

—
y2,5 — 03 a* ^Fit as the fcarcity of this

ore has not permitted us to examine it fuf-

Hciently, we are ftill ignorant whether the

falited part is to be compared with corro-

five fublimate or mercurius dulcis j if the

latter, the calculation comes out different ;

for in the latter of thele two falts the metal

forms above 0,91, and the whole content is

exhibited by the following formula; 91,18

-|- 0,29 a— 0,40 a = 91,18 — 0,1 1 a.

§ VII. Ores oj" Lead.

Whether nature ever produces lead na-

tive is ftill in difpute. The moft common

ore contains it mineralized by fulphur
,
gene-

rally mixed with filver, fometimes alfo with

iron and antimony together. That which

is commonly called calciform lead, contains
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the metal united with the aerial acid, or the

acid of phofphorus.

(a) Lead, if ever found native, may be
eafily examined as to purity, by means of ni-

trous acid, which difcovers copper both by
its blue colour and its precipitation by iron ;

and iilver is betrayed by the addition of
copper.

(b) When united with fulphur, and freed

from any matrix, let it be reduced to a fine

powder; let this be boiled in nitrous or ma-
rine acid until the fulphur is obtained pure,

colledled on a filter, waflied, and dried. Its

purity is afcertained by cauftic fixed alkali.

Let the folution be precipitated by aerated

mineral alkali, when the lead is either alone

or mixed with filver; in the former cafe, fup-

pofing the weight of the precipitate = a, the

weight of the reguline lead will be ; if

the latter, let the filver be extracted by vo-

latile alkali, and the refiduum multiplied

into the conftant coefficient will exprefs
132 r

the lead. The aerated filver is known by the

diminution of weight; if this be = b, then

the filver in a metallic form =
129

The folution made in marine acid during

the operation depofits a large quantity of

falited lead, which mufi: be diilbived in wa-

ter before the precipitation.

If antimony be prefent, this is fo much
dephlogifiicated by concentrated nitrous

acid, that it is calcined and falls to the bot-

VoL. 11 . F f torn:



434 ASSAYING

tom : the given weight of this, multiplied

by the conftant coefficient indicates the

regulus in the muriatic folution; this fpon-

taneoufly falls, upon dropping in water,

which takes up the falited lead.

Iron, which yet is but feldom found in ga-

lena, may thus be difcovered :—let the mu-
riatic folution be firft fo far faturated with
fixed alkali that the acid may predominate

only a little, and yet all precipitation be fo-

licitoully avoided. This being done, the

lead will be precipitated by a poliffied plate

of iron, added during boiling ; as alfo will

the filver, which is almod; always prefent

:

finally, let the iron be precipitated by aerated

or phlogifticated alkali (§ ix.) j and its

weight corredled by the part of the metallic

plate which is diffiolved during the preci-

pitation.

If the ore contains any matrix, this is

cither foluble, and may at firffi be feparated

by vinegar, or elfe is infoluble in the com-
mon acids, and is found collected at the

bottom.

(c) Lead, mineralized by aerial acid, and
deprived of all heterogeneous foluble mix-
ture, may be diffiolved in nitrous acid, and
precipitated by aerated mineral alkali; which
being done, the quantity of lead is known
by the weight of the precipitate, as be-

fore (b).

But if the matrix containing it be fo-

luble, let the marine acid be employed,

and
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and the metal precipitated by iron, as above

defer!bed.

(d) Lead, mineralized by acid of phof-
phorus, is eafily diftinguifhed. loo of this,

in powder, is diffblved in nitrous acid by
means of heat, except a few martial parti-

cles, which generally remain at the bottom.

The diffolved lead, upon the addition of
vitriolic acid, immediately forms a fnowy
white vitriol, which wadied, colledled, and
dried, may be fuppofed to weigh a, in

which cafe the correfponding lead is =
The liquor remaining after the preci-^

pitation yields, by evaporation to drynefs,

a phofphoric acid.

The colour, both of this arid the former
ore, is owing to iron

;
generally they are

green, fometimes yellow, but rarely red »

they occur white, and fometimes pellucid;

and all affedt a cryflalline, efpecialiy a priL
matic form.

§ VII i» Ofes of Copper

i

Copper, befides its metallic form, almmes
a variety of fhapes ; it is generally united

with fulphur, and very feldom without

iron ; but it alfo fometimes occurs mine-
ralized by aerial, vitriolic, and even by ma-^

rine acid,

(a) Native copper readily diifolves in

nitrous acid ; if gold be prefent, it falls,

untouched, to the bottom, in form of a

F I z black
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black powder ; if filver, it is foon preci-

pitated by copper ^ if iron, by boiling the

folution for fome time, and infpiffating to

drynefs, it is gradually calcined, and fepa-

rates.

(b) When mineralized by fulphur, let it

be powdered and gently boiled to drynefs

in five times its weight of concentrated

vitriolic acid ; let the refiduum be well

waflied with water, until all the metallic

part has entered the menllruum.

The folution requires at lead: a portion

of water equal to four times the vitriol

which is to be diffolved, and therefore the

quantity diould be adapted in fome degree

to the goodnefs of the ore : that which
contains 0,05 of copper requires about 0,8

of water, and fo on. Let a polifhed iron

plate, about tv/ice the weight of the cop-

per, be immerfed in the folution properly

diluted } let boiling be continued until no
further precipitate is occahoned. If the

quantity of water be too fmall, the precipi-

tated metal adheres very pertinacioufly to

the iron plate, which, by a proper quantity,

is always completely freed. Let the preci-

tated copper, well wafhed, be fpeedily dri-

ed ; but yet with fuch a degree of heat as to

make the furface of the metal of different

colours, which inftantly and fenfibly in-

creafes the weio:ht.

If the precipitated copper be found mix-
ed with iron, which is fometimes the cafe,

2 efpecially
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cfpecially in the examination of a poor ore,

this muft be again diifolved, to obtain a

richer folution
; which depofits pure cop-

per, if the operation be condudted as above

defcribed. The fame circumftance takes

place in the precipitation of filver by cop-

per ; a rich folution yields the metal

pure, but a poor one yields it allayed with

copper.

If the copper to be precipitated contains

other metals, thefe may eafily be feparated

by folution in the nitrous acid. Gold re-

mains at the bottom, undiflblved, in the

form of a black powder
;
and filver preci-

pitates upon a copper plate.

During this procefs, the whole, or a great

part of the fulphur, flies oflf by the intenfe

heat neceffary for evaporating the vitriolic

acid to drynefs
;

yet its quantity may in

fome degree be judged from the fum of the

weights of the other ingredients, compared
with the weight of the whole ; befides, if

thought neceffary, a folution in aqua regia

may be made for the purpofe of colledting

the fulphur.

(c) Copper, niineralized by aerial acid,

is of an elegant green colour, and is com-
monly called malachites ; to this alfo be-

longs the green fllken ore of copper, which
is of the fame nature. Thefe ores, when
pure, are totally foluble in acids, and may
be precipitated either by iron or aerated al-

kali, In the latter cafe, fuppofing the weight

F f 3 of
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of the precipitate to be = a, the metallic

copper contained will be (/).

If calcareous earth be mixed, which
fometimes happens, this may be thrown
down by aerated alkali, after the precipita-

tion of the metal by phlogiflicated alkali.

Calciform blue copper confifts alfo of

copper mineralized by aerial acid. Its prin-

ciples are difcovered in the fame way.

Calciform red copper, or of a brownhli red,

is called by Mr. Cronftedt the glalTy ore

of copper. This alfo is totally, or for the

moft part, difiblved, and that with an effer-

vefcence, though fomewhat weaker than the

other ; fo that it is doubtful whether any
calciform ore of copper is entirely deftitute

of aerial acid. I have not feen the red pel-

lucid ore lately difcovered and defcribed by
Mr. Sage.

I have examined In many different ways
the red quartz, which is fuppofed by Mr.
Cronftedt (i) to contain fuch a calx. The

(/) The illuftrious Fontana was the firft v/ho deter-

mined the true nature of the malachites. He found that it

contains ^ of calcined copper, I of aerial acid, and about
. -.Vof water. The fame principles he difcovered in the

green filken ore, their proportions only being fomewhat
varied. This obtains alfo with refpedf to the blue ore

;

but in this the aerial acid forms a larger part of the

whole, amounting nearly to i or | ;
on the other hand,

in the fpecimens which have been examined, the propor-

tion of the water is diminiflied by to -jU.

(/’) Mineralog. ^ 196. b. 2.

7 volatile
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volatile alkali did not extrad; any copper,

nor did the vitriolic acid, though abftraded

to drynefs. As the hliceous matrixes hard-

ly admit the menftrua, I added a portion of
the mineral fluor to the vitriolic acid ; for

the fluor acid, when expelled, attacks the

quartofe particles, fo as to fet at liberty

even the laft portions of copper ; but al-

though this experiment always fucceeds

when copper is prefent, yet in the inftance

of this ore not the fmalleft flgn of that me-
tal could be difcovered ; and therefore it is

not without reafon that we doubt of its pre-

fence.

(d) Copper, mineralized by vitriolic acid,

js no other than the common blue vitriol,

which fometimes occurs native, The cop-

per it contains is eafily precipitated by iron

in the manner above defcribed.

(e) In the colledion of the Academy of

Upfal there occurs a fpecimen of a dilute

greenilh red, friable, and of fmall fpecific

gravity, which diffolves with effervefcence

in nitrous acid, imparting a green colour to

the menflruum. Upon the addition of iron

the copper is precipitated and upon drop-

ping in a folution of filver, a white coa-

guluin is feparated, being a genuine fa-

lited fllver ; fo that no doubt can be enter-

tained of the prefence of marine acid, an

opinion which is alfo eftabliflied by the

via ficca in many ways, which I here pafs

over.

Ff4 V/e
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We find veftiges of the fame acid in the

beautiful green ore of Saxony, which is cu-

bic or fquamous, and has been referred to

the fpecies of mica or talc. I have lately, by
favour of Mr. Werner, had an opportunity of

examining a fpecimen interfperfed as it were

with this fubfiance. It diffolves totally irt

nitrous acid, and acquires a green colour :

the copper is difcovered by many precipi-

tants, as by iron, by volatile and phlogifti-

cated alkali j but the marine acid is dif-

covered with far more difficulty
j

yet upon,

dropping in a folution of filver, a true luna

cornea falls, but in fmall quantity ; tiiere

appears a portion of green fcales, which did

not weigh one grain j the fmallnefs of the

quantity prevented me from making any

further experiment
;
but thofe already made

put it beyond doubt that this deferves a

place among the ores- of copper 3 it con-

tains alfo a little clay, but the quantity re-

mains to be determined by experiment on
larger quantities,

§ IX. Ores of Iron.

Traces of this mofi: common of all me-
tals are found almoft every where in the

mineral kingdom
3

yet the ores which con-

tain it in confiderable quantity prefent it

either mineralized by fulphur, or more or

lefs calcined : it is rarely found united with

vitriolic
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vitriolic acid ; and very feldom in a com-
plete metallic form.

(a) Mineralogifts are not yet agreed whe-
ther iron be found native. Concerning that

of Siberia, a difpute is ftill carrying on

;

and indeed it cannot be denied, but that

the cavities in the iron mafs fhew it to

have been fufed, and as it were inflated by
fpumefcence

;
yet many circumftances feem

to indicate, that if this operation ever took

place, it was performed without the affiflance

of art. The ftoney matter which fills all

the cavities is of a very different nature

from the fcoris produced in our furnaces.

To pafs over its fituation, and other cir-

cumflances, the iron itfelf, when cold, or

moderately warm, is found to be very tena-

cious and malleable ; but when made red

hot becomes brittle, but exhibits altogether

the fame phsnomena, when examined by
the via ficca, as forged iron ; with marine

acid it diffufes an hepatic odour, which evi-

dently fhews the prefence of fulphur, phlo-

gifton, and the matter of heat, as without

thefe no fuch fmell ever arifes. It is pro-

bable that the matter of heat is taken from
the fire by the metals in fufion

;
yet we

cannot therefore certainly conclude, that

every thing v/hich contains the matter of
heat has been expofed to fire : and fup-

pofing that the Siberian iron has undegone
fufion, it cannot from thence be inferred,

that this has been occafioned by art. But
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this very rare mineral deferves to be fepa-.

r^tely and particularly examined.

/ Ores of iron are frequently found in

Sweden fo perfedt as to be obedient to the

magnet, nay, fometimes are themfelves

magnetic % but thefe, both with refpedt to

menftrua and other properties, differ from
iron eliquated by fire. Such iron as may
properly be called native may yet be brit-

tle -y for that which is extradted artificially,

and is malleable, eafily contradts brittlenefs,

but mufl with menftrua preferve the fame

habits as the forged.

(b) The attradtive and magnetic ores,

though they do not contain much fulphur,

yet are feldom entirely without it ; but none

of it could be extradted by menftrua.

Such as are faturated with fulphur, are

called fulphureous pyrites, as nothing but I

fulphur is extradled from thefe ; for al-

though they fometimes contain enough of

the metal to pay the expence of eliquation,

yet the metal extradled by its brittlenefs is

rendered intradlable in the fire ; and, ex-
^

pofed to the open air, eafily falls into a ruft,
j

(c) Iron, mineralized by vitriolic acid,iW

is produced daily by the fpontaneous de^-
|

compofition of pyrites, which is again gra-

dually fo dephlogifticated as at length to

Jofe all connedtion with the acid, Thefe
,

vitriolic reliquia?, waftied away and depofited

in lower fituations, perhaps generate the
j

ores of lakes and marfhes.

(d) The ^
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(d) The hagmatites yield a calx of iron

under various forms, of an iron colour, a

red, a black, or a yellow. Other ores alfo

contain it, but of a lax and powdery texture,

generally mixed with other earths.

Whether any of thefe ores contain iron

naturally mineralized by aerial acid in the

bofom of the earth, is yet unknown. Arti-

ficially, this fubtiie acid is greedily taken

up ; but all the natural calxes of iron

hitherto examined thew no figns of it, ex-

cept the white ores of iron ; but as thefe

contain aerated rnanganefe and calcareous

earth, it is doubtful whether the martial

particles contribute to furnifli any of the

aerial acid extricable from thefe ores.

(^e) All the ores of iron, reduced to a

very fubtiie powder, and repeatedly boiled

in marine acid, yield up the metal. If the

pyrites are more flowly difiblved, the addi-

tion of a fmall quantity of nitrous acid ac-

celerates the operation.

The iron being extracted, the matrix, if

infoluble, remains. Now, in order to ob-
tain the metal alone, let it be all feparated

H by phlogifticated alkali. Suppofe tne pre-

cipitate, when wafhed and dried, = a, then

the correfponding quantity of metallic iron

will be ^ j but this formula muft be cor-

rected according to the quantity of the pre-

cipitant, as before obferved (§ ii.).

That which is of itfelf foluble by means
of
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of vitriolic acid, requires nothing but water

to precipitate by phlogifticated alkali.

Manganefe is frequently united with iron,

and is difcovered without difficulty by itn-

merling the blue fediment (carefully weigh-

ed) in water fharpened by nitrous acid, by
which the part arifing from the manganefe

is diffolved,as we fhall fee hereafter (§ xvii.).

Other methods of effecting this are defcribed

elfewhere (/).

Befides this metal, there are others which
enter the ores of iron in ftill larger quan-

tities, which for the moft part render the

ores ufelefs, by imparting noxious qualities

to the eliquated iron.—We fhall fpeak of

zinc, ,&c. and of the manner in which they

are to be feparated, in their proper places.

§ X. Ores of I’m,

Mcauy teflim-onies concur in affierting that

tin is found native in England ; but I have

never met with any fpecimen of it.

But the ores of tin almoft always pre-

ferve the fame cryftalline nature, although

the grains are often found fo fubtllely dif-

perfed in different matrixes as entirely to

elude the fight. I have lately obtained a

peculiar variety found in England, which;,

(/) Efiiiy on the White Ores of Iron, § viii.

confifling
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confiiling of contiguous fphserical ftrata, and
radii proceeding from a center, very much
refembles the brown hsematltes. In all thefe

tin is prefent, limply calciform, and in-

volved in filiceous particles ; and, fo far as

is yet known, never mineralized, either by
marine or . aerial acid, or by fulphur. The
abfence of the latter is the more extraor-

dinary, as this mineralizing fubftance is pro-

duced by nature in great quantities, and is

artificially united to tin with great eafe.

(a) The examination of tin by the hu-
mid method is attended with no difficulty;

for the addition of nitrous acid quickly de-

prives it fo far of its phlogifton, as to re-

duce it all to a white calx ; the iron and

copper, if any be prefent, remaining in the

diquor. 100 parts of tin, corroded by ni-

trous acid, waffied and dried, yield 140 of

white calx : arfenic may be feparated by
waflaing the calx with large quantities of

warm water ; for but little enters the acid

menftruum. The other metals are but rare-

ly united with truly native tin.

(b) The pure ore is commonly called,

according to the magnitude of its cryftals,

zinngraujfe'n^ or zwitter. The examination

of thefe forms is the great difficulty of the

humid method, as they are not adled upon
effeftually either by vitriolic, uitrous, or

marine acid, or by aqua regia.

The reafon of this pertinacity is, that the

calx, being- well denhlogifticatcd, is either

not
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not taken up at all, or very fparingly, and is

belides involved in ftoney particles, which
elude the aftion of the acids. The method
by which this procefs feems to be moft
nearly effedied, is as follows :

—

To a very fubtile powder of this ore, ob-
tained not only by levigation but elutria-

tion, let there be added a quantity of con-
centrated vitriolic acid, and let this be ex-
pofed to a ftrong digefting heat for feveral

hours i then let there be poured on a fmall

portion of concentrated marine acid, and
upon agitating it a vehement effervefcence

immediately begins with confiderable heat,

arifing from the marine acid, which is

partly deprived of its water by the vitriolic,

and generates a marine acid air : by this

method the forces of the two acids are con-

ioined. After the fpace of about an hour,

let water be added, and upon fubliding the

clear liquor decanted. This operation is to

be repeated with the reliduum, until the

acids can dilfolve no more.

What remains finally undiffolved, is no-

thing more than the ftoney matrix.

Let the folution, precipitated by means
of aerated alkali = a, and the quantity of
regulus fought will be a.

The fubtile atoms of the cryftalline ore,

intimately mixed with any matrix, may,
after due pulverization, be feparated by

wafhing from a given portion, as the crys-

tals are nearly of fix times greater fpecific

gravity
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gravity than water ; fo that they not only

exceed the earthy particles, but the ores of

other metals, and approach even to the

lighter metals themfelves. The cryftalline

particles, after being feparated, are expofed

to the trial above-defcribed, the larger dif-

tindl cryftals can feldom be employed ; the

moft common ore contains particles of

them very much difperfed.

The adventitious metals ufually found in

©res of tin, are copper and iron.

§ XI. Ores of Bifmuth,

Bifmuth, which is the moft ponderous

of the femi-metals, occurs partly native,

partly mineralized by fulphur, and fome-
times perhaps even by the aerial acid. Some
deny that this metal is found naturally

united with fulphur, but without founda-

tion ; for although fuch has not yet been

found in Germany, it is undoubtedly ob-
tained in many mountains of Sweden, efpe-

cially at Ridderhyttan in Weftmania. Cal-

ciform bifmuth is of a white colour, but it

rarely occurs j fo that it cannot yet be cer-

tainly determined whether it be mineralized

by aerial acid or not.

(a) Native bifmuth is eafly taken up by
nitrous acid, and may then be precipitated

by water ; which done, if any other metals

are mixed with it, they remain in the liquor,

and
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and may be feparated as above-defcribed in

various places.

(b) When mineralized by fulphur, it is

decompofed by flight boiling in the fame
menftruum ^ fo that the fulphur may be at

lafl obtained, which when waflaed and col-

ledted, is to be examined as to its purity and
quantity.

The folution of the metallic part, preci-

pitated by water, yields a white calx; let

its weight = a, and that of the corr^fpond-

ing metal will be

In thefe mineralizations iron is fome-

times found, which, after the feparation of

the bifmuth, is eafily difcoverable.

(c) Calciform bifmuth, whether alone,

or mineralized by aerial acid, alfo enters

the nitrous acid, and may be precipitated

by water, upon which the heterogeneous

matters remain in the liquor. The pre-

fence of cobalt is difcoverable immediately,

by its communicating a red colour.

§ XII. Ores of Nickel.

Nickel is found, but very fparingly,

mixed with other matters, yet it appears

under a variety of forms ;*fometimes native,

or united with a little fulphur, yet at the

fame time intimately united with iron, co-

balt, and arfenic ; fo that thefe adventitious

metals cannot be feparated without much
difficulty.
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difficulty, and the iron hitherto but imper-

fedtly ; but it occurs mineralized by the vi-

triolic, and poffibly by the aerial acid.

(a) Native nickel is taken up by nitrous

acid, and when precipitated by aerated al-

kali, yields a calx which almoft' always

contains iron, arfenic, and cobalt, in the

fame proportions in which they generally

accompany the regulus eliquated in the

ufual way : if diver and bifmuth happen to

be alfo prefent, which yet is very rarely the

cafe, the former is to be precipitated by
muria before the alkali is employed.

(b) If fulphur be prefent, it may be fe-

parated and colledled during folution.

(c) Nickel, mineralized by vitriolic acid#

is fcarcely ever without iron ; a great part

of the martial inquinament is feparated by
long and violent boiling in water. Aerated

alkali throws down a greeniffi white preci-

pitate : let the weight of this == a, and the

common reguline nickel is =: —o
^

135

(d) The fame metal, mineralized by ae-

rial acid, is dilTolved by the nitrous acid,

and precipitated by means of aerated al-

kali.

. A more compleat account of the exa-

piination of this metal, may be found in a

preceding treatife.

VoL. II. G g § XIIIo
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§ XIII. Ores of Arfenlc.

Arfenic is produced by nature, both re-

guline, mineralized by fulphur, and calci-

form.

(a) If the purity of native arfenic is to

be examined, let it be dilTolved in four

times its weight of aqua regia, and the fo-

lution flovdy evaporated, without any fepa-

ration of the metal ; after this, let the ar-

fenic be precipitated by water, and colledled

upon a filter j the clear liquor which paffes

through will contain the heterogeneous me-
tals : if any filver be prefent, it feizes the

marine acid, and falls to the bottom.

Iron is fcarce ever entirely abfent, and is

frequently in fuch quantity that the mafs

appears polifhed, moft commonly cryftal-

line, and is vulgarly known by the name of
milTpickel, which is with juftice confidered

as belonging to native arfenic, as it neither

contains any fulphur, nor any mineralizing

acid. It muft indeed be conieffed, that ar-

fenic itfelf is nothing more than a peculiar

acid coagulated by phlogifton, in a manner
fimilar to fulphur ; but the fame thing is

perhaps true of all the metals ; and befides,

the acid of arfenic, when loaded with phlo-

giflon, puts off its acid nature, and there-

fore in that cafe cannot be looked upon as

a mineralizing fubftance ; but if at any time

it
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it {hall be found in the bofom of the earth,

united in the manner of an acid menflruum.
to any metal, it then beyond doubt is to be
coniidered as a mineralizing fubiliance.

(b) Let arfenic, mineralized by ful-

phur, be diffolved in marine acid, with the

addition of the nitrous occaiionally, in

greater or leifer quantity, fo that the ful-

phur may be feparated free from all the

metallic matter. The fulphur collefted^

wafhed, and weighed, indicates the quan-
tity of the arfenical part j this however
ought to be precipitated feparately by wa-
ter, and weighed, a ftep which is neceilary

wherever great accuracy is required. Sa-

lited arfenic may alfo be precipitated in its

metallic form, by zinc, the folution being

previoufly weakened by fpirit of wine.

When fulphur alone is united to the ar-

fenic, by its different proportions it pro-

duces different colours, from a dilute yellow

to an intenfe red ^ but if a confiderable por-

tion of iron alfo enters the compofition, a

white colour is generated, anff a very different

fpecies of pyrites formed, which is called

the arfenical pyrites : the metallic princi-

ples of this, diffolved in marine acid, or

aqua regia, may be feparated in the manner
above defcribed,

(c) Calciform arfenic, which nature fel-

dom produces, is diffolved and examined by

means of marine acid.

G g 2 In
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In general, concerning arfenical ores, we
mufl; guard againfl ufing too much nitrous

acid, as by that the whole of the phlogifton

is readily taken away, and the acid difen-

gaged : the fmalleft quantity therefore which
is fufficient for folution Ihould be employed^

otherwife water will occafion no precipita-

tion j and, notwithftanding all our caution,

it is fcarce poffible to prevent the difen-

gagement of. a portion of the arfenical acid,

efpecially if the boiling be long continued

this may be recovered by evaporating to

drynefs, yet rarely alone, but occafionally,

and according to the laws of attradtion,

united either with the alkaline earths, or the

metals which are prefent {m)4 Some of the

arfenic eafily flies off*

§ XIV. Ores of Cohalt.

Reguline cobalt often occurs totally def-

titute both of fulphur and acids, that is,

(w) Regulus of arfenic may be very commodioufly ob-

tained in the following way, by the via ficca :—white arfe-

nic, with three times its weight of black flux, is put into

a crucible, which is covered by another, and luted fo

tlofely that the accefs of external air is altogether pre-

vented. This being done, the lower crucible is gradu-

ally expofed to a red heat, and in the mean time the up-
per crucible is protefted from the efFedls of the fire by
means of a copper plate

;
by this method, the inner fur-

face of the upper crucible is covered with a poliftied, cry-

ftallizcd, reguline cruft, which may in general be feparated

whole by a gentle concuflion.

native,
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native, and only mixed with other metals

it is alfo found united with fulphur, and
mineralized by the acids of vitriol and ar~

fenic. Nature moreover exhibits a black

calx of cobalt: it is not yet certainly known
whether it is ever loaded with the aerial

acid.

(a) When native, it almoft always con-

tains iron and arfenic, and often nickel ;

and hence no doubt it is, that fome authors

affert that vitriolated cobalt, and the other

falts containing this metal, are of a green

colour j w'hereas they really are of an obfcure

red, unlefs the nickel be in large quanti-

ty. In order to feparate thefe metals, let

the mixture, diifolved in aqua regia, evapo-

rate to drynefs, and let the cobalt be ex-

trafted by vinegar; fuppofe this, precipi--

tated by aerated alkali, be in weight = a,

then the correfponding quantity of regulus=;

We have already treated of the nickel

and the iron (§ xii.) ; if the arfenic be fu-

perabundant in the evaporated folution, it

may perhaps be precipitated by water.

(b) Cobalt united with fulphur may be

treated in the fame way, as it differs from
the native cobalt only in containing a fmall

quantity of fulphur, which is to be feparated

and coliedled.

(c) The celebrated Mr. Brandt has dif-

povered Cobalt joined to vitriolic acid, with

a large quantity of iron, and without any

arfenic. This I have examined in the hu-

I ^ g 3



454 ASSAYING

mid way, by folution in aqua regia. The
yellow folution, on account of abundant

iron, was fcarce red, but by boiling af-

fumed an obfcure green, and upon cooling

recovered its former colour ; a property

which diftinguiihes cobalt. No fulphur

could be collefted ; but a few drops of fa-

lited terra ponderofa, diffolved in water, im-
mediately difcovered the vitriolic acid. Scarce

any arfenic appeared.

If in this inftance the vitriolic acid be

prefent in a dephlogifticated ftate, as ap-

pears to be the cafe (unlefs we rather chufe

to fuppofe that a very few particles of ful-

phur have been dephlogifticated during the

folution) yet this acid is not prefent in fuch

quantity as to give birth to a vitriolated

cobalt ; for the mafs is of a metallic nature,

and therefore the acid is to be coniidered

only as an inquinament.

The trichites of the Greeks, which is

found in the mines of Herngrund and Idria,

adhering to an argillaceous ftone, is found

to contain fomewhat of a real cobalt, be-

fides the clay and vitriolic acid ; this can be

precipitated only by a phlogifticated al-

kali.

(d) Cobalt frequently exhibits beautiful

red efflorefcences, of a colour fometimes

more dilute, fometimes more faturated ; it

appears now like a loofe powder, now con-

crete } nay at times it forms moft beautiful

cryftals, radiating from the fame center in
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the manner of a ftar. Thefe fubflances al-

ways (liew fome veftiges of arfenic ; but
neither reguline nor white arfenic are capa-

ble of imparting the red colour to cobalt j

this can only be effedled by acids. Since

therefore the colour indicates the prefence

of^n acid, it is reafonable to conclude it to

be the arfenical acid. The white arfenic,

which is almoft always adhering to the ores

of cobalt, may perhaps be fometimes fo

much dephlogifticated by time, that the acid,

being extricated, is in a condition to adt

upon the contiguous particles of cobalt.

In order either to eftablilh or to over-

throw this fufpicion, I thought it proper to

confult experiments. I found an exadt cor-

refpondence to fublifl between cobalt, arti-

ficially fatu rated with acid of arfenic, and

the natural redcryftals of cobalt, except that

the latter fometimes contained white arfenic.

The arfenicated cobalt is not taken up by
water, unlefs the acid be fuperabundant

and this it is, perhaps, which prevents the

feparation of arfenicated lime, upon the ad-

dition of falited lime to the folution ; how-
ever, the event of the experiment is the fame,

whether the arfenicated cobalt employed be

natural or artificial;,—on evaporating to dry-

nefs an arfenicated lime appears.

On account of the fcarcity of this fub-

fiiance, I inftituted another experiment in

fmalT.— I extradled the pure acid of arfenic,

firfi: feparating it by vitriolic acid, and then

G g 4 abforbing
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abforbing it by highly-re6tified fpirit of

wine ; for this laH; does not take up the vi-

triolated cobalt, but only the difengaged

acid.

Natural arfenicated cobalt is fcarcely fo-

luble in water, unlefs the water be fharpened

by an acid, and when thus dilTolved it fhould

be precipitated by aerated alkali, to difco-

ver the quantity of reguline cobalt. Cobalt,

artificially arfenicated and fufiiciently dried,

fhews the fame properties as the natural.

(e) I have fpmetimes examined earths

more or lefs compadl, green or blue, which
appear to contain a little cobalt

j
but in thefe

fpecimens copper abounded, more efpecially

in the blue, which alfo effervefee violently

in acids. Let the copper be firfi: precipi-

tated from the folution by iron, the liquor

evaporated to drynefs, and the cobalt dif-

folved by vinegar } if any of the iron ad-

heres to the vinegar it feparates on boiling.

(f) The black calx of cobalt is generally

found concreted into an hard mafs, known
by the name of glafiy ore of cobalt ; this,

when pulverized, is taken up by aqua regi£\

or marine acid, and may be examined like

the former. I have not certainly difeovered

jn thefe the aerial acid.

§ XV. Ores of Zinc.

Many ftill doubt whether zinc he ever

lound native ; it is feen mineralized by ful-
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phur in the pfeudo galena; by vitriolic acid;

in native white vitriol ; and by aerial acid,

in lapis calaminaris, and in the other ores

which are called glalTy.

( A )
If at any time native reguline

zinc, without any artificial aflifiance, be

found, its purity may be eafily examined, as

it is quickly difiblved in all the common
mineral acids, and whatever heterogeneous

metal is prefent may be precipitated by zinc.

The factitious white vitriol rarely contains

any other metal, except lead.

(b) The pfeudo galena, which contains

zinc mineralized by fulphur, together with
iron, mufi: be carefully treated with nitrous

acid, in order to extraCl the metallic part

without injury to the fulphur: if no other

metal than iron be prefent, let it be preci-

pitated by zinc ; but if more, the iron mufl
be calcined by repeatedly abftraCting nitrous

acid to drynefs, and the new folution, made
by vinegar or any other menftruum, ex-

amined.

Plepatic air is generated by the vitrio-

lic, and ftill more copiouily by the marine

acid ; but as this elaftic fluid confumes a

part of the fulphur, I have rather direCled.

the employment of nitrous acid with cau-

tion in the folution of pfeudo galena.

(c) Let the zinc, united with vitriolic

acid, be diflblved in water, and precipitated

by an aerated alkali; let the weight of

aerated
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aerated be a, and that of the regulinc metal
• • icoa

zinc IS

If, as is generally the cafe, iron be pre-

fent, this fhould be precipitated by a known
weight of zinc.

(d) Zinc, mineralized by aerial acid, and
dilfolved in acids, fliould be precipitated

either by aerated or phlogifticated alkali ;

in the latter cafe, or in order to determine

the metallic part, the weight of the fedi-

ment mud; be divided by 5.

In the Treatife on Zinc we have defcribed

at large how the matrix and other heteroge-

neous matters are to be feparated on diffe-

rent occafions.

A zinc, mineralized by fpar, has lately

been difcovered («) j and I hope, by favour

of the illuftrious difcoverer, that it will be

foon examined by the humid way, as the

mineralizing fubftance (0) is hitherto un-

known.

§ XVI. Ores of Antimony,

Stibium, commonly called anthnony, has

as yet been met with only under two diffe-

(k) By Mr. Von Born.

(<?) It is always extremely difficult to extradl: zinc

from its ores in the via ficca. The ore roafted with char-

coal-dud in the way defcribed in note (;«), it is true,

yields feveral particles of zinc in the upper crucible,

efpecially if that crucible be perforated by an hole, and

covered above by another, well luted on
j
but hitherto it

has been found impradticable to fubllme more than one

half of the contents of the lower crucible.

rent
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rent forms, namely native, or mineralized by
fulphur.

(a) Mr. Suab, in 1748, firfl difcovered

native antimony in a calcareous matrix at

Sahlberget, nor do I know that it has been

found any where elfe; however, in the col-

lection of the Academy, there is a fmall piece

found fomewhere out of Sweden, but where
is uncertain ; this is in a quartofe matrix :

fo that it appears native antimony is found

in other places, though rarely, and though
little known in this country.

The purity of the metal is moft conve-

niently examined by reducing it to a calx

with Urong nitrous acid ; for this being

done, if it be entirely pure, there will re-

main diffolved in the menftruum only a

fmall part, which feparates upon the addi-

tion of water.

(b) The metallic part of antimony, mi-
neralized by fulphur, is taken up by aqua

regia, and the fulphur remains pure. The
folution, mixed with ftrong nitrous acid,

on boiling depolits a calcined antimony,

which being feparated, the remaining liquor

may be examined by phlogifticated alkali,

or any other means.

Sulphurated antimony, by a certain quan-
tity of arfenic, grows red, frequently exhi-

biting beautiful fafciculi of filaments radi-

ating from a center. If arfenic be prefent it is

thus difcovered :—let the powder be gently

boiled in aqua regk until the fulphur is

obtained



^6q of the art of assaying

obtained pure ; the clear folution contains!

the antimony and arfenic, which are fepa-,

rated in the following manner let concen-

trated nitrous acid be poured on, and the

antimony reduced to a white calx by boil-

ing ;
let this be colledted on a filter, and

the liquor that paffes by evaporation yields

the arfenic, generally fpoiled of phlogifton,

that is, the arfenical acid.

Befides, as the cauftic alkali takes up both
fulphur and antimony, this, aided by heat,

may be advantageoufly employed, efpecially

for the feparation of filver or other metals

which do not yield to this menftruum ; an

hepar is indeed generated, but in this in-,

ftance it diffolves little or nothing.

§ XVII. Ores of Manganefe.

The newly-difcovered femi-metal, man-
ganefe, accompanies moft ores of iron, as has

been before obferved (§ iii. c). It has

however ores of its own, in which it predo-

minates, though they are feldom to be

found j it has no where yet been obferved

native, nor mineralized by fulphur, unlefs

when joined with other metals in larger

quantities j it commonly occurs calciform,

but under various forms generally alone and

black, fometimes mineralized by aerial acid.

(a) Calciform manganefe alone general-

ly pofTeffes a metallic fplendor, is partly of

an
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an earthy colour, black or red : the colours

are no doubt owing to unequal portions of

phlogiflon.

Let thefe ores, reduced to a fubtile pow-
der, be immerfed in any, but particularly a

mineral acid, together with axfmall piece of

fugar. It is known that the calx of this

metal eludes the force of acids, unlefs fome-

what be added to fupply the necelTary quan-

tity of phlogifton. Let frefh acid be re-

peatedly poured on with fugar, until no
more is extracted by a digefting heat ; let

the folution colledled be precipitated by
aerated alkali ; let the weight of the fedi-

ment be a, and the correfponding regulus
• 4 « loo 3

Will = —
. _

What remains undilfolved at the bottom
either belongs to the matrix, or contains he-

terogeneous mixtures.

(b) Aerated manganefe is rarely found

pure but in the gold mine at Nagyay: when
it forms the matrix, it is had fcarcely mix-
ed with iron ; at lead, in a folution made
with nitrous acid, the phlogifticated alkali

does not difcover it. In general the iron is

in larger quantity, as in the white ores of

iron ;
but thefe ores are to be treated as

before defcribed.

In order to feparate the iron when it

abounds, or at lead the greated part of it, let

nitrous acid be repeatedly abdradted to ig-

nition from the ore; after which the manga-
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ed by iron, may be feparated by ftrong con-
centrated vinegar, or diluted nitrous acid.

Manganefe, precipitated from fuperabun-

dant nitrous acid, by phlogifticated alkali,

diffolves totally in diftilled water ; a pro-

perty which affords a method of feparating

it from iron.

We cannot pofitively affert whether man-
ganefe, joined to marine acid, is ever found
in the bofom of the earth ; although it

feems probable, on the fuppofition that na-

tural waters are fometimes found loaded

with falited manganefe (p).
Thus we have mentioned the fifteen me-

tals which are known to be diflindl, and
have pointed out proceffes by which the

chief varieties of their ores may be examined

in the humid way : the greater numbers of
ways by which thefe bodies can be exa-

mined the better ; now one method is ne-

ceffary, nov/ another. But I have no doubt

that multiplied experiments will difcover

methods more numerous and effedlive than

thofe propofed in the foregoing fketch.

(p") The celebrated P. J. Hjelm difcovered waters of

this fort about the lake Vettern.—Compare Mr. Scheele’s*

Chemical Prasledions, § i8g. Obf. 3.
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DISSERTATION XXV.

OF THE

BLOW-PIPE;
And its Ufe in the Examination of

Bodies, particularly Minerals.

§ I. Introdu5tion.

The tube which, from the ufes to

which it has been applied, is called

the foldering tube, or blow- pipe, is very ufe-

ful and necelTary to many artificers; but our

countryman, the celebrated metallurgifi: An-
dreas Swab, was, if I miftake not, the firft

who applied it to the examination of mine-
rals, and that about the year 1738. This
invention was afterwards much improved by

e Meffrs,
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Meffrs. Cronftedt, Rinman, Engeftroemj

Quid, Gahn, and Scheele ; nay, Mr. En-

gdlroem has written an exprefs treatife

upon its ufes, which was firft publifhed

in Englifh, afterwards tranllated into the

Swedifh, and finally the German language.

The experience of many years has however

fliewn me, that this inftrument is fufcep-

tible of further improvement, both as to

conftrudtion and application ; I fhall there-

fore relate fuch circumftances concerning it

as may be comprized in a brief defcription.

§ II. Figure of the Injirument.

That which I ufe is formed of pure fil-

ver, left it ftiould be injured by ruft ; a

fmall addition of platina communicates the

neceftary hardnefs.

It confifts of three parts, which may oc-

cafionally be joined : an handle a (tab. 2),

terminating in a truncated conical apex a a,

which may be, by twilling, fo adapted to

the aperture b as to Ihut it more clofely

than can be done by a fcrew. In the place

of the hollow fpherc which is commonly

ufed, I make ufe of the little box b, formed

of an elliptical plate, fo bended through the

centre that the oppofite fides become paral-

lel, and are joined round by, a plate equal in

breadth to c c : fuch a box colledts the

moifture of the breath as well as the fphere,.
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and is befides attended with the advantage of

a comprefTed figure, and fmaller circumfe-

rence. The aperture (b) is fomewhat coni-

cal, and hollowed out of the folid piece, and
has no margin turned inwards, left the ef-

flux ©f the fluid, collefted after long blow-
ing, or the cleanfing of the internal parts,

fhould be in any degree prevented. The
tube (c) is very fmall, and its fhorter coni-

cal end (e e) exadtly fitted to the aperture

(f), fo that no air can efcape, unlefs through
the orifice (g). Many of thefe tubes fhould

be provided, with orifices of different diame-

ters, to be applied on different occafions ;

the orifice (g) itfelf ought to be fmooth
and circular, otherwife the cone of flame,

hereafter mentioned, will be divided (§ iii.).

The bands (h h, i i) prevent the conical

apices (a a, e e) from being thurft in too far,

and alfo ferve another purpofe ; for when the

conical apices (aa, ee), by repeated attri-

tion, are at laft fo much diminifhed as to

fall out fpontaneoufly, by filing away a little

of the bands, they may again be made tight.

The figure reprefents the whole apparatus of

the proper fize.

§ III. Method of blowing through the Tube,

As it is abfolutely neceffary that the air

fhould flow through the orifice in a con-

tinued ftream, fo long as the experiment

VoL. II. H h continues
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continues to require it, this labour will

fatigue the lungs too much, unlefs an equa-

ble and uninterrupted infpiration can at tnie

fame time be continued. To fucceed in this

operation without inconvenience, fome la-

bour and pradlice are neceffary. The whole

artifice, however, confifts in this, that while

the air is infpired through the noftrils, that

which is contained in the mouth be forced

out through the tube by the compreffion of

the cheeks.

To fome perfons this is extremely diffi-

cult ; but frequent trials will eftabliffi the

habit, fo that a continual dream of air can

be fupplied for a quarter ofan hour and more,

without any other inconvenience than the

laffitude of the lips compreffing the tube.

§ IV. The proper Kind of Flame.

The dream of air above mentioned is

neceffary for impelling the fiame upon the

matter under examination. Too great a

flame does not eafily yield to the blad ;

and too fmall a one produces a proportiona-

bly weak effed: : a dender candle ffiould

therefore be chofen (either wax or tallow)

(d) with a cotton wick (k 1). The burned

top mud be cut off at fuch a length that

the remainder may be bent a little (1 m).

The orifice (g) is to be held above, and near

to this arch, perpendicular to (1 m) ;• and

the air equably expreffed.
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The flame being forced to one fide by the

violence of the blafl;, exhibits two diftindt

figures
i the internal figure (1 n), conical,

blue, and well defined ; at the apex of this

(n), the moft violent degree of heat is ex-

cited j the external (1 o), bro\^hifii, vague,

and undetermined, which is fpoiled of its

phlogifton by the furrounding atmofpheric

air, and occafions much lefs heat at its ex-

tremity (o) than the interior flame does.

§ V. Proper Supports for the Matter under

Examination i.

The fubftances to be examined, are fup-

ported by two different fuftentacula, accor-

ding to the diverfity of the matters under
confideration ; the one is charcoal of beech
or fir, cut into the form of a parallelopipsd ;

the other a filver, or (which is better) a gol-

den fpoon, fitted with a wooden handle. The
firfi; of thefe is generally ufed, except where
phlogifton is to be avoided, or the fubje<ft

under examination is abforbed by charcoal.

The golden fpoon fhould be much lefs than

the figure (e), as the bulk of the fupport

impedes the proper heat of the matter ex-

pofed to examination.

Particles that are very fmall and light

are eafily carried off by the blafl of air >

to prevent which a fmall cavity fhould be

hollowed out in the charcoal, in which, be-

Uh z mg
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ing partly proteded by another fmaller piece

of charcoal, they may be expofed to the

apex of the flame.

§ VI. Proper Fluxes,

Subfhances which are not fufible per fey
are ofteji -fufed and diffolved by means of

falts ; I make ufe of three in particular,

one of which is acid, another alkaline, and

the third neutral.

I. The phofphoric acid, or rather the

microcofmic fait, as it is generally called,

which contains that acid partly faturated

with mineral, partly with volatile alkali,

and loaded beiides with much water, and a

gelatinous fat. This fait, when expofed to

the flame, boils and foams violently, with a

continual crackling noife, until the water

and volatile alkali have flown off ; after-

wards it is lefs agitated, fending forth fome-

v/hat like black fcoriae, arifing from the

burned gelatinous part ; thefe are foon dif-

pelled, and exhibit a pellucid fphterule, en-

compaffed by a beautiful green cloud, which
is occafioned by the deflagration of the phof-
phorus arifing from the extrication of the

acid by means of the inflammable matter.

The clear globule which remains, upon
the removal of the flame continues longer

foft than that formed by borax, and there-

fore is more fit for the addition of the mat-
ter
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ter to be diliblved. The volatile alkali is

expelled by the fire, therefore an excefs of

acid arifes in what rernains, which eafily at-

tracts moifture in a cool place.

2. The mineral alkali, or fal fodte, which,
when fufed upon charcoal, melts fuperficial-

ly, with a crackling noife, penetrates the

charcoal, and difappears : this, in the fpoon,

yields a permanent and tranfparent fphterule,

fo long as it is kept fluid by the blue apex

(n) ; but when the heat is diminifhed puts

on a milky opacity ; hence it appears why

.

this cannot be employed upon charcoal.

This alkali attacks feveral fubflances, par-

ticularly filiceous matters.

3. Cryftallized borax, expofed to the flame

upon charcoal, at firfl becomes opake, white,

and wonderfully intumefcent ; it throws

out branches and various protuberances ;

but when the water is expelled, it is eafily

collected into a mafs, which, when well

fufed, yields a colourlefs fphterule, which
retains its tranfparency even after cooling

:

if calcined borax be employed, the clear

fphaerule is more fpeedily obtained. This
fait confifts of mineral alkali partially fa-

turated with a peculiar acid, known by the

name of fedative fait ; each of its principles

is feparately fufible, and each diflblves a

great number of other matters.

The habits of thefe falts, when expofed

to fire, being once known, it will be eafy

H h 3
to
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to underftand the differences occafioned by
the different additions,

§ VII. Circumjiances to be obferved in the

Bjxai^ination of Bodies by the Blow-pipe.

The exterior flame muft firfl: be diredled

upon the mafs under examination ; and when
its efficacy is well known, then the interior

blue flame.

Particular care muft be taken to obferve

whether the matter decrepitates, fplits,

fwells, liquefies, boils, vegetates, changes

colour, fmokes, is inflamed, becomes oily,

or magnetic, &c.
The piece expofed to the flame fhould

fcarcely ever exceed the bulk of a grain of
pepper j but ought never to be fo fmall as not

be taken up by the forceps (i)

;

as, if it be

too large, a part of it is neceffarily without

the focus, and muft cool both the fupport

and the part immerfed in the blue apex.

The particles may be fufficiently commi-
nuted upon the fteel plate (g) by the

hammer (f), and are prevented from being

difperfed by the ring (h).

A fmall piece fhould be added feparate-

ly to each of the fluxes, concerning which
it muft be obferved, whether it diffolves

wholly, or in part only whether this be ef-

fedted with or without effervefcence
;
quick-

5 ly
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ly or flowly j whether the mafs be divided

into a powder, or gradually and externally

corroded ; what colour the glafs is tinged j

whether it be opake or pellucid.

Thefe general principles lhall now be

applied to exemplify the mineralogical and

chemical ufe of the blow-pipe.

§ VIII. Four Clajfes of Fojils.

Unorganized bodies are generally diftri-

buted into four clafles ; faline, earthy, in-

flammable, and metallic.

The falts are dlftinguiflied by folubility

and fapor : but thefe properties differ in

many ways as to degree, and in fadl form
a continued feries with the earths ; fo that

the links in the chain of nature can

fcarcely be diflinguifhed, unlefs artificial

limits be inftituted.

Many of thefe, when expofed to the flame,

eafily liquefy, or are diffolved by the water

of cryftallization growing hot ; but when
this is expelled, fplit, and, by a more in-

tenfe heat, are really fufed : others are de-

prived of their water without any motion,

and are only once fufible : fome fly off by
the heat.

Earths I call fuch fubflances as are fixed

in the fire, not fapid, nor, though reduced to

the moft fubtile powder, foluble in 1,000

times their weight of boiling water. Some
H h 4 of
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of thefe, either by having their furfaces in-

creafed by a previous chemical divifion, and
their furface of contadl thereby increafed,

or by the aiTifiance of an excefs of aerial

acid, or by expofure to intenfe heat in clofe

vefTels, actually are diffolved in water ; thefe

I call faline earths ; but the reft, which can,

by no artifice hitherto known, be made to

enter water, deferve the name of earths fim-

ply, and kcct’ Examined by the

blow-pipe per Je, they- are found either re-

fradlory or fulible ; and very few of them
alone exhibit a tranfparent glafs. They are

diffolved by the abovementioned fluxes, or

at leaft by one of them ; befides, they nei-

ther burn nor fmoke.

Moft of the inflammable fubftances burn,

fmoke, and yield coals loaded with an oily

matter. Sulphureous bodies burn without

any refiduum ; but fome of thefe are only

manifefted by volatility.

The m.etals, excepting a few, are fufi-

ble 5 the ignoble metals are calcined, and

colour the fluxes.

§ IX. Different Species of Salts.

The falts, whether natural or fadlitious,

are very eafily examined by the blow-pipe.

Some of thefe are properly called falts, con-

fifting entirely of a foluble matter ; fuch

are acids, alkalis, and the neutrals compofed

7 of



AND ITS USE. 473

of thefe ; but the others, containing a bafe

not foluble perfe, either earthy or metallic

(which is not foluble in water, unlefs when
united with a genuine fait) may be called

middle or analogical falts.

§ X. Acids.

The acids which are always fluid I pafs

over, as they elude the flame, and fhall here

only examine the concrete falts.

The acid of arfenic muft be carefully

diflinguifhed from white arfenic, which
contains this acid indeed, but unites with
fo much phlogifton, that it is coagulated (a)

into a fort of fulphur. This acid, deprived

of water, exhibits a dry mafs ; and, expofed

in this hate to flame upon charcoal, receives

from thence fo much phlogifton, as to re-

generate white arfenic, and diffufe a garlic

odour. In the fpoon it fufes, and does not

fmoke, unlefs by the acquifition of phlo-

gifton, either from the flame or the metallic

fupport.

The acid, which exifts molybdsena (/^),

feems to be the radix of fome metal ; it is

of a fpecific gravity 3,461 ; pofieftes the pro-

perty of tinging fluxes, and decompoflng

phlogifticated alkali.—Is this the acid of

tin ?

(a) See the Treatife on Arfenic.

(^) Mr. Scheele, Act. Stockholm, 1778.

This
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This acid, expofed to the flame upon

charcoal, is abforbed j in the fpoon it emits

a white fmoke, which, upon contadl of the

interior cone, grows of a beautiful blue j

but, expofed to the exterior cone, again

grows white : it tinges microcofmic fait of

an elegant green ; borax, with a fmall quan-

tity of it, exhibits an afhen colour by re-

flexion, but by refraXion a dark violet.

No other acid tinges the fluxes.

The acid of borax, commonly called fe-

dative fait, eafily liquefies, and in the fame

manner, but with far lefs intumefcence than

borax : it remains fixed in a pellucid glo-

bule (§ VI.).

. The acid of tartar is not to be confound-

ed with cream of tartar, which is partly fa-

turated by the vegetable alkali (c) : this li-

quefies upon the firfl; contaX of the exte-

rior flame ; foon is inflated, foams, grows

black, and fends forth a fmoke and blue

flame, leaving a fpongy coal, which foon

leaves white afhes of a calcareous nature.

In order to obferve thefe changes diftinXly,

the combuftion mud be occafioned flowly

by the weakefl; part of the flame.

Cryftallized acid of fugar is by the ex-

terior flame firfl; made of an opake white,

then flows, and finally foon flies off, with-

out leaving any refiduum.

(c) A£t. Stockholm, 1770.

The
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The acid of phofphorus occurs in all the

natural kingdoms ; when dried it is ealily

fufed, and affiimes the form of a pellucid

globule, which yet attrafts the moifture of
the atmofphere.

§ XI. Alkalis.

The cryftallized vegetable alkali firlf be-

comes opake, and decrepitates long and

violently, then melts into a globule which
perlifts in the fpoon, but expands on the

charcoal, and is abforbed with a crackling

noife.

The mineral alkali has the fame proper-

ties as the fal fodse defcrlbed in § vi.

The volatile alkali liquefies a little, and

is diffipated.

§ XII. Neutral Salts.

Several of the neutral falts flow twice,

but, according to their different natures, ex-

hibit different phsenomena ; which a few
examples will fufiiciently illuftrate.

7’ke decrepitating Salts.

Thefe are broken and difperfed by hid-

den heat ; of this fort are vitriolated vege-

table and volatile alkali, falited vegetable

and mineral alkali.

Volatile
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Volatile Salts,

Which have a bafe totally volatile, and

generally fly off ; vitriolated, nitrated and

falited volatile alkali.

Genuine fait of amber by the exterior

flame on the charcoal liquefies and fmokes

;

by the interior takes fire, and in burning

difappears with a blue flame. In the fpoon

the fame happens, except when the fa]t

abounds with oil, which almoft always

happens : in this cafe fome coaly veftiges re-

main. The fpurious fait of amber differs

according to the frauds ufed in its prepara-

tion j it generally in the beginning fwells,

fmokes, and grows black, then white ; and

finally, melts into a fixed white mafs.

Detonating Salts.

Thefe falts, which always abound with

niu-ous acid, liquefy in the fpoon, and perfifl;

even on the charcoal, unlefs it takes fire ;

for when ignited they immediately take fire

on the contadt of phlogifton, fending forth

a violent flame, with a detonating noife.

During this operation the acid is diflipated,

and the bafis, if fixed, remains alone. If

the bafe be volatile, fcarce any detonation is

excited, for the fait flies totally off.

Nitrated vegetable alkali fhews a blue

flame, but the nitrated mineral and volatile

alkali a yellow ore,

Carbo"
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Carbonaceous Salts.

Thefe, by the combuftion of their acid,

yield fpongy coals, which, when ignited,

foon grow white, leaving behind the alka-

line bafe ; fuch are acid of tartar, crude

tartar, fal acetofellae, and tartarized vege-

table and mineral alkali.

Hepatifcent Salts.

Thefe, expofed to the flame on the char-

coal, flow, and yield a yellow or red mafs,

which diffufes an hepatic fmell, efpecial-

ly when moiftened by any acid. To this

clafs belong all thofe fixed in the fire, con-

taining vitriolic acid, which, when faturat-

ed with the phlogifton of the charcoal, ge-

nerate fulphur ; thefe are vitriolated vege-

table and mineral alkali.

§ XIII. Middle earthy Salts.

Of the middle earthy falts few flow fo

perfeftly as to be reduced to a globule, nor
do they all fufe actually, though the water

of cryfiallization in its departure excites a

foam : thofe which contain vitriolic acid

effervefce violently with borax and micro-
cofmic fait, but are difficultly diffblved by
fal fod^.

I

Decrepitating Salts.

Gypfum fpathofum.

Tntiimefce7it
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Intumefcent Salts.

Vitriolated magnefia fwells, foams, and,

when repeatedly expofed to the flame, may
be fufed.

Alum is fomewhat different ; for, finally,

all ebullition ceafes, and the mafs remains

immoveably at reft, and it undergoes no

other change than to fplit : when hot it is

variegated with blue fpots.

Acetated lime fwells much like alum, but

fcarcely adheres to the charcoal.

Nitrated magnefia fwells with a crackling

noife, but without any detonation.

Salited magnefia in a dry ftate belongs to

this clafs.

'Fujibk Salts.

Although gypfum eluded the force of

fire in Pott’s furnace, yet it may be fufed in

a moment, if a fedlion of the lamella be ex-

pofed to the blue flame : though naturally

pellucid, it inftantly acquires an opacity—
the water goes off without ebullition.

Carbonaceous Salts.

Tartarized lime and magnefia ; nay, all

the earths united with acid of tartar.

Soluble in Borax and Microcofmic Salty •with

Bjffervefcence.

Lime, magnefia, vitriolated ciay, and ace-

tated liflie.
.

§ XIV. Midr-



AND ITS USE. 479

§ XIV. Middle metallic Salts.

Some of the middle metallic falts, either

containing a large quantity of water, or re-

taining pertinacioufly the acid, flow in the

fire, others only foam : mofl: of them re-

cover, at leaft partly, their metallic appear-

ance, efpecially when they touch the coal,

leaving at the fame time a fhapelefs fcoria.

By the addition of borax the fcorise are dif-

folved and the regulus better colledled, but

here we confider the falts alone : the fluxes

are tinged in the fame way as by the metal-

lic calxes, § XXII. XXXV.

JDecrepitating metallic Salts.

Nitrated lead, tartarized antim.ony.

Volatile metallic Salts.

To this belong the falts whofe bafe is

mercury, as they are diflipated by fire thofe

which contain marine acid in general fly off

more quickly than thofe which are loaded

by any other menflruum.

Detonating metallic Salts.

Silver, mercury, lead, and bifmuth, united

with nitrous acid.

Inttt-



4^0 OF THE BLOW-PIPE,

Intumefcent metallic Salts.

At the firft approach of fire they fweli

with noife, and a certain ebullition, but

then remain immoveable ; vitriolated and

nitrated copper, iron and cobalt vitriolated,

vitriolated and nitrated zinc.

Fujible metallic Salts.

Thefe are, by the exterior flame, eafily re-

duced to globules. By this method filver

and lead falited in the fpoon put on the

horny appearance, but by a long violent

fufion they again put it off, the acid being

too much diminifhed : hence it appears with
what caution thefe metals are to be made
horny in the crucible.

Silver and lead vitriolated, copper and
zinc falited.

Carbonaceous metallic Salt.

Tartarized antimony.

Metallic Salts tinging the Flame.

Vitriolated copper, and alfo nitrated cop-

per, produces a greennefs ; but falited copper

ad's with far more efficacy. The green cryf-

tals of this firfl; grow red by the exterior

flame ; they foon liquefy, and grow black ;

they make the flame at firfl of a deep blue,

which afterwards verges to a green* The
flame
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flame thus tinged expands muchi and re-

mains fo Until the whole mafs of the fait is

diflipated : this green fait, added to micro-
cofmic fait in fufion, immediately fhews a

beautiful flame ; the deaf globule is tinged

green, and does not grow opake or brown,
unlefs a large quantity of the microcofmic

fait be added } a circumftance which takes

place much fooner upon the addition of a

fmaller quantity of borax.

§ XV. Different Species of Earths.

Earths are in general either Ample (which
I call primitive) and incapable of decom-
poAtion or mutual tranfmutation by any

means hitherto known—^of thefe Ave only

have been as yet difcovered—whether a Axth
exifts in the diamond we are ignorant.

Thofe are called derivative which arife

from a mixture of two or more of the

primitives. Many of thofe which Mr.
Cronftedt thought to be Ample, I have

difcovered, by the humid analyAs properly

conducted, to be compound j this is not to

be objedted to that great mineralogift, as the

chemical art at his time had not inveftigat-

ed the treafures of the mineral kingdom.

§ XVI. Habitudes ofthe primitive Earths.,

Lime.

This (which by itfelf is infuAble) by %

fufficient degree of heat lofes its property of

VoL. II. I i effer-
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efFervefcing in acids ; it acquires folubility in

water, the power of generating heat with it,

and of fufering fpontaneous calcination.

Thefe laft properties however it lofes, if too

much urged by heat. The heat it generates

with water may eafily be tried by a drop of

water on the back of the hand, with the ad-

dition of a fmall piece of lime juft cooled

after burning.

Crude calcareous earth effervefces a little

with mineral alkali, and is divided into fmall

particles but fparingly diffolved ; when over-

burned it feems not to be divided or dimi-

nifhed.

In borax the form^er dilTolves with effer-

vefcence, the latter fcarcely generates any

bubbles.

In microcofmic fait the fame phsenomena
appear, but the effervefcence is fomewhat
greater.

It is alfo obfervable that a very fmall

piece of calcareous earth is eafily diffolved in

borax and microcofmic fait, yielding fplize-

rules altogether pellucid ; but if more earth

be gradually added, the flux, at length fatu-

rated, retains the dilfolved matter, indeed,

while in perfect fufion
; but on removing

the flame, the part which was taken up by
means of the heat alone, feparates ; from
hence clouds arife at firfl, and the whole
globule becomes opake, and recovers its

tranfparency again by fufion. This is en-

tirely correlpondent to what happens in the

humid
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humid way : for warm water, faturated with
nitre, or Glauber’s fait, upon cooling is obli-

ged to depofit that part which it had taken up
in virtue of its warmth. If the fufed pellucid

globule (which would grow opaque upon
cooling) be quickly plunged into melting

tallow, water, or other fubftance, hot (for

cold generally cracks it) fo as to grow fud-

denly hard, it retains its tranfparency, the

particles being as it were fixed in that ftate

which is necelfary to tranfparency. This is

a phaenomenon highly worthy of obferva-

tion, which cannot be feen in the crucible.

“Terra Ponderofa.

Terra ponderofa, expofed alone to the

flame, becomes, like calcareous earth, cau-

ftic, foluble in water, .and non-effervefcent

in acids.

In fal fodas it effervefces only a little, but

is fenfibly diminilhed.

In borax it dilTolves with flight effervef-

cence.

As alfo in microcofmic fait ; but here it

effervefces fomewhat more violently.

The phenomena obferved on faturation

with calcareous earth, have place here alfo.

Magnefia, ignited alone, lofes its aerial

acid, together with the property of effer-

vefcing in acids.

In fal fodae it effervefces a little, but is

fcarcely diminifhed.

I i 2 In
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In borax it diffolves with a flight efler-

vefcence.

As alfo in microcofmic fait, but with a

more violent motion.

Clay.

Common argillaceous earth abounds with
heterogeneous particles, and always con-
tains a conflderable quantity of filiceous

earth, at leaft, which generally amounts
to half ; hence, when clay is required pure,

as in this inftance, the earth of alum, di-

geiled in an alkaline lixivium, arid well

waflied, mufl: be employed.

Expofed to the flame it grows hard, con-

trails its bulk, but does not fufe.

In fal fodae it effervefces a little, but is

fparingly diflblved.

In borax it diflblves with remarkable ef-

fervefcence.

In microcofmic fait a ftill more violent

ebullition takes place.

Siliceous Eartlo.

Alone it is not fufed.

Sal fodas diflblves it with violent efFer-

vefcence ; and if the filiceous earth dif-

folved exceeds the weight of the flux, it

yields a pellucid glafs. This, and all the

other operations with fal fodag, mufl be per-

formed in the fpoon.

In borax it diflblves flowly, without any

ebullition.

5 In
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In microcofmic fait very flo'wly, and

without effervefcence.

§ XVII. Derivative Earths.

To avoid confufion from multiplicity, we
fliall colleft thefe into clafles, according to

their moft remarkable habits.

Decrepitating.

Spathous mineral fluor.

Lapis ponderofus {d).

Calcareous fpar. Spathum ponderofum.j,

The decrepitation may be performed with-
out fcattering, in a glafs tube clofed by the

finger, and held over the flame.

Infujible.

Diamond. Pure Afbeftos *. Refradory
clay*. Hyacinth. Hydrophanous filiceous

jafper.

Lapis ponderofus.

Pure mica *.

{d) This is the name given by Mr. Cronftedt (§ 209)
to a foffile, which he enumerates among the ores of iron,

and which poflefles a peculiar fpecific gravity. I have

attempted the analyfis of this mineral, and have difco-

vered in it lime united to a fpecies of acid hitherto un-
known

}
this acid, if I miftake not, is the radix of fome

metal. There is alfo prefent a portion of iron, which is

indeed but feldom wanting in minerals, l^he fpecific gra-

vity of this acid, and its habitudes with fluxes, and phlo-

gifticated alkali, indicate its metallic nature ;—but we
lhall elfewhere treat of this matter more at large.

Quartz,
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Quartz.

Ruby.
Sapphire. Flint. Steatite *.

Topaz.
Thofe four marked with a * are indurated

by fire.

Infiijibley changing Colour.

Bolar earths generally grow black

—

lime, mixed with aerated magnefia, black;

lime, blackened by fubtle bitumen, white.

Of the gems fome change or lofe colour;

thefe are, the cryfolith, topaz, and fometimes

the fapphire.

The red and green jafper acquire a whitilh

or grey colour.

Green, black, and red fteatite grow white.

Fujible without Ebullition.

Martial albeftos. Augites (aqua marina*).

Bafaltes.

Chryfolith *.

Mineral fluor.

Granite.

Marga.
Petrofilex.

Emerald *.

Spathum ponderofum (this corrodes the

charcoal, and acquires an hepatic tafte).

Spathum pyromachum.
Trapp.

The earths marked with a * do not, but

with
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with great difficulty, ffiew any iigns of

fufion.

Fiijibk with Ebullition,

Lithomarga.

Schoerl (£’).

Turmalin. The inflated fcoria quickly

erows white, thoug-h the ftone is hi own.

Zeolith.

Fujible altogether in Sal Sodce, and with

Effervefcence.

Achates.

Chalcedony. Cornelian. Cos turcica

Mineral fluor *,

Onyx. Opal.

Quartz.

Common flint. Spathum ponderofum.
Thofe marked (*) effervefce but little.

Divijible with or without Effervefcence in Sal

Sodce, but not entirely foluble.

Amianthus. Afbeftos.

Bafaltes.

Chryfolith ^ {/)>
%

(e) 1 ufe the names fchoerl zni. trappy which are now
known all through Europe. By bafaltes I underftand

larger prifms, which compofe the Giant’s Caufeway,
StafFa, and other columnar mountains.

{f) The yellowifh cryftalline matter v/hich fills up
the interftices of the native Siberian iron, exhibits the

feme properties yvith refpedl: to fire as the chryfolith.

I i 4 'Garnet^
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Garnet

Hornblende.

Jafper.

Lapis ponderofus. Lithomarga.

Mica. Matrix of the alum of Tolfa,

Petrolilex.

Aluminous fchift. Tegular fchill: of Hel-
fing. Emerald. Spathum pyromachum.
Steatites.

Talc. Trapp. Trippel. Turmalin.

Notfujible or divifible by Sal Sodce,

Diamond.
Hyacinth, . y

Ruby.
Sapphire,

Topaz.

Soluble in BoraXy with more or lefs Effer-^

•vefcence.

Mineral fluor

Marga. Mica Ore of Tolfa.

Aluminous fchift. Tegular fchill of Hel-

fing

Spathum ponderofum, Schoerl,

Talc. Turmalin.

Thofe marked * effervefce but little.

Soluble in Borax, without Effervefcence.

Achates. Diamond. Amianthus, AG
hellos.

Bafaltes.

Chalcedony.
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Chalcedony. Cornelian. Chryfolith. Cos
turcica.

Garnet.

Hyacinth. Hydrophanous liliceous jaf-

per.

Lapis ponderofus. (The flux grows hard-
ly blue ; on too much cooling it becomes
white and opake).

Lithomarga.

Onyx. Opal.

Petrofilex.

Quartz

Ruby.
Sapphire. Common flint *. Emerald.

Steatite. Spathum pyromachum.
Trapp. Trippel, Topaz*.
Zeolith.

Thofe marked * require a greater quan-
tity of flux, and longer heat, than the reft.

Soluble in Microcofmic Salty with more or lefs

^ffervejcence.

Bafaltes *.

Cos turcica.

Mineral fluor *.

Lapis ponderofus.—It effervefees at firft,

then fcarcely dilfolves : the flux acquires a

fine blue tinge, without any mixture of

rednefs. The colour is difeharged by

the exterior flame, or by a fmall quan-

tity of nitre, but is reftored by the interior

flame ^ if the proportion of earth be large
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it acquires a pellucid brown colour, not

difchargeable either by nitre or the flame }

if ftill larger, it grows black and opake.

Marga. Mica Aluminous ore of

Tolfa.

Aluminous fchift. Tegular fchift of Hel-

fing Schoerl. Spathum ponderofum.

Turmalin*.
Thofe marked ^ effervefce but little.

Soluble in Microcofmic Salty without 'Buffer-

vejcence.

Agate. Diamond. Amianthus. Af-
beftos.

Chalcedony^. Cornelian^. Cryfolith^.

Granite.

Hornblende. Hyacinth. Hydrophanous
filiceous jafper^.

Lithomarga.

Onyx Opal
Petrofilex.

Quartz *.

Ruby.
Sapphire. Common flint. Emerald. Stea-

tites.

Spathum pyromachum.
Talc. Topaz. 1 rapp. Trippel.

Zeolith.

Thofe marked * are more difficultly

diffolved than the refl, and fcarce fenfibly.

3 In
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In general it is to be obferved, ift, that

when the efFervefcence is to be examined,

only a very fmall piece of the matter is to

be added to the flux, as the mofl; fubtile

powder contains air, which, being expelled

by the heat, forms the appearance of efFer-

vefcence. 2d, That the folution is often

accelerated by lime, fpathum ponderofum,

gypfum, and other additaments, both in bo-

rax and microcofmic fait. 3d, That gyp-
fum alone is fometimes an excellent and

very ufeful flux. This fait, with an equal

portion of fluor mineral, is eafily reduced to

a pellucid globule, which yet, upon cool-

ing, grows white and opake. The fpathum
ponderofum alfo unites with mineral fluor,

but the mafs does not become pellucid.

§ XVI 1 1. Different Species off inffammable

Subffances.

The whole theory of inflammation de-

pends upon that fubtile principle which

goes by the name of phlogiflon ;
but this,

fo far as is yet known, can never be collected

pure and alone, but always requires a fuit-

able bafe, to which it mufl be connedled,

in order to become manageable. Scarce any

body exifls entirely deftitute of it, but a

certain accumulation of it is neceffary for

deflagration ; this accumulation takes place

in fpirit of wine, in oils, in fulphur, in

zinc,
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zinc, arfenic, and perhaps in tin. It is alfo

neceffary that its connediion fhall be fo loofe

that the circumambient pure air may dif-

folve the union.

The dry inflammable fubfliances, which
alone are here to be confldered, are of two
kinds ; viz. either coagulated and indurated

oils, which are commonly called bitumens,

or an acid faturated with phlogiilon, fuch

as fulphur. Some of the bitumens are pure,

fuch as afphaltus, ambergris, and amber ;

others refiding in a copious earthy bafe :

hence we have mountain pitch, bituminous

fchifts, and lithanthraces.

Vitriolic fulphur is feldom found alone :

it readily unites with other matters, efpe-

cially metals ; and hence refult mineraliza-

tions, which belong the more exprefsly to

metals, as it is certain that they are very

feldom inflammable.

§ XIX. Habitudes of infammable Subfances in

the Fire.

Moft of the inflammable fubftances, when
expofed to the apex of the flame, begin to

liquefy, unlefs entangled in much earth,

which yet does not always prevent their

inflammation : when they are once inflamed

let the blafl: be flopped until they have

burned away, either alone or with a flux

;

and the refiduum, if any, be examined af-

terwards by the flame.

Ambergris
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Ambergris burns with a white odorife-

rous and fmoky flame ;
when very pure it

is totally confumed by degrees, but when
impure it is extinguilhed, leaving behind

a black mafs, which foon grows white by

ignition, and conflfts partly of a calcareous

powder.

Tranfparent amber exhibits almoft the

fame habits, but by heat in the fpoon it

vaniflies totally ; fo that this way we can

hardly form any judgment concerning a re-

fiduum, which yet is eaflly obtained from
opake amber.

Pure afphaltus burns with a fmoke, and is

totally confumed, without any refiduum.

Mountain pitch leaves black fcoriae,

Ihining and brittle.

Bituminous fchifl: and lithanthraces, be-

fldes their matrix, leave an oily coal, or

even fpongy fcoris, if the reflduum li-

quefies at all.

Common fulphur readily fufes alone, and

grows red j it takes fire, and is confumed
with a blue flame, and a mofl: penetrating

fuffocating odour.

Molybdsna contains a portion of com-
morj fulphur united to a peculiar (|") acid.

This does not take fire, and upon the char-

coal fuffers little change; but, expofeo to the

flame in the fpoon, it depofits a white fmoke

(^) Mi Scheele, A£l: Stockholm, 1777.

in
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in the diredlon of the blaft
; this fmoke,

by the contadl of the interior cone, grows
blue, but lofes its colour by the exterior

cone : it is fcarcely changed by borax and
microcofmic fait, but diffolves in fal fodas

with violent effervefcence j on fulion it

grows red and tranfparent on cooling, di-

lutely red and opake, and has an hepatic

fmell

.

Plumbago, another fpecies of fulphur,

contains aerial acid loaded with phlogif-

ton (/6) j on burning it fmokes, but the

fmoke is only feen at the inftant the flame

ceafes. It differs from molybdaena in this,

that it depofits no white powder, and parti-

cularly in not being taken up by fal fodae

;

it is not changed by borax or microcofmic

fait.

The ores which are called inflammable,

take fire difficultly ; fome of them are

fcarcely changed, others are confumed or

fly off, leaving the metallic calx behind.

In general the fluxes are tinged by phlo-

gifton ; but unlefs this volatile principle be

fixed by fome metallic calx, the tinge is

eafily deftroyed by burning.

(^) Mr. Scheele, A(5l Stockholm, 17
^7

.

§ XX. Dif-



AND ITS USE. 495

§ XX. Different Forms under niohich Metals

appear.

The metals are diftinguilhable from all

other fubftances by their peculiar fplendor

and fuperior fpecific gravity : they occur in.

the bofom of the earth in three different

ftates, either altogether in a metallic form,

in which cafe they are called native
‘y
or

limply deprived of phlogifton, and refem-

bling earths, when they are denominated

calciform-y or, finally, dilfolved by fulphur or

acids, on which occalion they take the ap-

pellation of mineralized. Each of thefe

forms fhall be feparately confidered.

§ XXI. Various Habits of Metals in the Fire^

The metals expofed to the flame do not

all Ihew the fame habits.

The perfect metals do not, even in the

mofl; intenfe heat, lofe a fenfible quantity

of their phlogifton ; and when calcined in

thehumid way recover their former nature

Amply by fuflon.

The imperfedt metals are calcined by fire,

efpecially by the exterior flame, and then, in

order to being reduced, indifpenfably require

the contadt of a phlogiftic fubftance.

With refpedl to fufibility, mercury forms

one extreme, as it fufes in the ordinary

tempe-
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temperature of the atmofphere, it cannot

therefore be hardened but by artificial cold,

and is always in fufion, always fluid ; the

refc follow in this order: tin, bifmuth, lead,

zinc, antimony, filver, gold, arfenic, cobalt,

nickel, iron, manganefe, and finally platina,

which forms the other extreme, as it fcarce-

ly fufes but in the focus of a burning mir-

ror ; all thefe, the two laft excepted, yield

to the blow-pipe without any additament.

Forged iron indeed is not melted without

difficulty, but fufed iron perfedlly.

With refpedt to fixity, fome fly off al-

together, others are partly and flowly re-

folved into fmoke.

Metals in fufion affed; a globular form,

and therefore eafily roll off the charcoal,

efpecially if they are of the fize of a grain

of pepper j therefore, either fmaller pieces

ffiould be ufed, or they thould be placed in

excavations made in the furface of the char-

coal. On firfl; fufing they affume a poliffied

furface, an appearance which the perfed

metals always retain : but the imperfed are

foon obfcured by a calcined pellicle j for

the furrounding air attrads the phlogifton

with great avidity, efpecially when affifted

by heat, which yet alone is not able to ex-

pel that principle.

The colours communicated to the calxes

by fire vary.

Some of the calxes eafily recover their

metallic form Amply by expofure to flame

upon



I
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UDon the charcoal ; others are reduced in

this way with difficulty, and fome not at all.

The reduced calxes of the volatile metals

immediately fly off.

In the fpoon they exhibit nitrous globules,*

but it is very difficult to prevent them from,

being firfl diffipated by the blaft.

With Fluxes*

The metals are taken up by the fluxes j

but as fal fodae yields an opake fphserule, we
negledl it.

Globules of borax, upon the addition

of any metallic calx, diffolve and fufe it,

and, unlefs too much loaded, appear co-

loured and pellucid. A piece of metal cal-

cined in the flux produces the fame effedty

but more flowly.

A portion of the calx generally recovers'

its metallic form,- and floats upon the fur-

face, like one or more excrefcences.

In proportion as the globule is more
loaded,- it more readily fpreads upon the

charcoal, and at length cannot be formed
into a globule ; for the metallic additament

increafes the attradtion for phlogifton.

The calxes of the perfect metals are re-

duced by borax in the fpoon, and adhere to it

at the point of contadf, and there only.

The rnicrocofmic fait adls like borax, but

does not, reduce the metals ; it attacks them
more powerfully on account of its acid na-

VoL. II. K k ture

;



ture ; at the fame time it preferves the fphas-

rical form, and is confequently adapted in a

peculiar manner for the examination of

metals.

The tinge communicated to the flux fre-

quently varies, being different in the fufed

and the cooled globule, and that in a

double and altogether different manner
; for

fome of the diffolved calxes, while fufed,

fhew no colour, but acquire one on cooling;

others, in the ftate of fluidity, have a much
more intenfe colour. If too great a concen-

tration of colour injures the tranfparency,

the globule, on compreffmg it with the for-

ceps, or drawing it out into a thread, will

exhibit a thin and tranfparent mafs ; but if

the opacity arifes from fuperfaturation, this

artifice will not ferve, but more flux muff
be added. No metal, unlefs calcined, com-
municates a tinge. As the fluxes attradt the

metals with unequal forces, thefe laft pre-

cipitate one another.

Metals, mineralized by acids, poffefs the

properties of metallic falts ; and thofe load-

ed with aerial acid that of calxes, as this

fubtile menftruum is eafily expelled with-

out any effervefcence; but when loaded with

fulphur they poffefs properties of a peculiar

kind. They may be fufed, nay calcined,

upon the charcoal, as alfo in a golden or well-

gilded filver fpoon. The volatile are dif-

tinguifhable by the fmell or fmoke, the

fixed refidua, by the particles reduced or pre-
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cipitated upon iron^ or from the tinge of the
fluxes. We fliall now examine the more
Ample cafes, and treat of the more complex
in another Work (/j)^

§ XXII. Gold in a reguline State.

Reguline gold fufes upon the charcoal,
and is the only one which remains un-
changed.

Calcined.

That gold may be deprived of its phlo-
giflion in the humid way, has been already
fhewn ; this calx may be reduced by fire

alone (§ xxi.); but that this calcination may
alfo be effedted by fire is feen from the ruby-
coloured glafs, which may be made, even by
the blow-pipe, in the following way ;

To a globule of microcofmic fait let there
be added a fmall piece of folid gold, of gold
leaf, of purple mineral, or (which is beft) of
the cryftalline fait formed by a folution of
gold in aqua regia in which fea-falt is contain-
ed; let this be again fufed, and added, while
yet foft, to turpeth mineral, which immedi-
ately grows red on the warm contadt. The
fufion being afterwards repeated, a vehement
effervefcence arifes ; when this is confiderably
diminiflied let the biafl; be flopped for a few^

{h) Sclagraphia Regni MinerallS.

K k 2 moments.



moments, again begun, and fo continued, until

almoft all the bubbles difappear. After this

fometimes the fphaerule, on cooling, alTumes

a ruby colour j
but if this does not happen,

let it be }uft made foft by the exterior flame,

and upon hardening this tinge generally ap-

pears. If the procefs fliould fail at firlt,

owing to minute circumftances which cannot

be defcribed, it will fueceed on the fecond

or third trial. The ruby-coloured globule,

ifcomprelfed by the forceps while foft, often

becomes blue j
by fudden fufion it general-

ly afl'umes an opal colour, which by re-

fradion appears blue j by refledion, a brown

red : but if further urged by the fire it

lofes all colour, and appears like watery yet

the rednefs may be re-produced feveral times,

.by the addition of turpeth mineral.

In the fame way the flux is reddened by

calx of tin, in the place of the turpeth y but

it has a yellowifh hue, and, behdes, more

eafily contradts opacity. Thd rednefs coni-

municated by turpeth mineral is of a purple

fort, altogether like that of a ruby.

Borax produces the fame phsenomena, but

more rarely. It muft alfo be obferved, that

the flighteft variation in the management of

the fires often makes this experiment fail.

As the ruby colour may alfo be produced

by copper (§ xxvii.), a doubt may arilb,

whether it be the gold, or the remains of the

copper (which cannot be completely Sepa-

rated either by antimony or nitre) which m
thi&
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this cafe produces the red colour ; but it is

uot improbable that both metals may occa-

fion the fame colour j
befides, copper is

often found to contain gold.

Mineralrzed GoUL

Gold cannot be diredlly united with ful-

phur; but by means of iron, which attradls

both ftrongly, they are fometimes found

united into a golden pyrites ; but as the

quantity of gold is very fmail, a vifible

globule can fcarcely be extracted by fulion

and fcorification by the blow-pipe.

I have as yet had an opportunity of ex-

amining the ore of Nagyay only imperfea:-

Jy upon the charcoal it fmokes a little,

liquefies, and finally yields a white globule,

bright like filver, and malleable ;—a yellow

cloud is obferved about it. Borax takes it

up without effervefcence or tinge j
but mi^-

crocofmic fait, with effervefcence, and of a

brownifh red; but by long fufion the tinge

is difcharged, and cannot be brought back,

either by the exterior flame or nitre. A me-

tallic globule like the former floats in the

fl.ux.

I XXIII. Platina,

Native grains of platina do not at all yield

to our fire, either alone or mixed with fluxes,

which yet it often tinges of a green colour

;

K k 3 but
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but platina, precipitated from aqua regia by
vegetable or volatile alkali, is reduced by
microcofmic fait to a fmall malleable glo-

bule j
feven or eight of thefe, flattened by

the hammer, I have been able to bring to-

gether to a malleable mafs ; but more only

yielded a brittle one. Platina fcarcely lofes

all its iron, unlefs reduced to very ihin fu-

flon ;
hence it eafily appears how difficult

the depuration of a large mafs mufl: be.

§ XXIV. Silver, regidine.

Reguline filver eafily liquefies, and reflfls

calcination.

Silver-leaf, faftened to a thin glafs by

means of the breath, or a folution of borax,

may eafily be fixed on it by the flame, and,

what is remarkfible, through the glafs it ap-

pears of a gold colour ; but care mufl; be

taken not to crack the glafs.

Calcined Silver.

Calcined filver, precipitated from nitrous

acid by fixed alkali, is eafily reduced.

The microcofmic fait diflblves it quickly

and copioufly, but upon cooling it grows

opaque, of a whitifla yellow, which is alfo

fometimes the cafe with leaf-filver if cop-

per be prefent it is difcovered by a green

colpur, and fometimes by a ruby tinge, un-
lefs
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l&fs we rather chule to impute that to gold.

The globules can fcarcely be got pellucid,

except the quantity of calx be very fmall,

but with borax a longer fuhon is necelTary

to obtain an opacity.

The globule loaded with dilTolved filver,

during fufion in the fpoon, covers a piece of

copper added to it with filver, and becomes

itfelf of a pellucid green ; antimony fpeedi-

ly takes away the milky opacity of diffolved

luna cornea, and feparates the filver in dif-

tindf grains. Cobalt, and mod; of the other

metals, alfo precipitate filver in the fame

way as by the humid method ; i. e. a double

eledive attradion takes place. The metal to

be diffolved remains untouched fo long as it

retains all its phlogifton ;
but is taken up

when a fufficient quantity of that principle

has fhifted to the precipitate, and reduced it.

Mineralized Silver.

Silver, mineralized by marine and vitriolic

acid, yields a natural luna cornea, which

upon the charcoal produces a number or

fmall metallic globules : it diffolves in mi-

crocofmic fait, and renders it opake : it is

reduced, at lead partially, by borax.

Sulphurated filver (the glaffy ore of fil-

ver) fufed upon the charcoal, eafily parts

with the mineralizing fubftance ; fo that a

poliflied globule is often produced, which,

if neceffary, may be depurated by borax : the

K k 4 hlver
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filver may alfo be precipitated by the addi-

tion of copper, iron, or manganefe.

If arfenic -be alfo prefent (as in the re4

ore of filver) it muft be firfl freed from the

fulphur by gentle roafting ^ and finally en-

tirely depurated by borax ; it decrepitates at

firft.

Copper, together with fulphur and arfenic,

mixed with filver (the white ore of filver)

yields a regulus containing the fame alloy.

Lead, loaded with fulphur and filver

(galena) is to be freed in the fame way from
the fulphur, after which the lead is gra-

dually diflipated by alternately fufing and

cooling, or is feparated in a cupel from the

filver, by means of flame. In galena I have

not yet been able to precipitate the filver

diftindl from the lead, but the whole mafs

becomes malleable : the fame is true of tin^

but the mafs is more brittle.

§ XXV. Mercury,

Pure mercury upon the charcoal flies

by a moderate heat, the fixed heterogeneous

matters (if any there be) remaining behind.

When calcined it is eafily reduced and

dilTipated : the fluxes take it up with effer-

vefcence, but it is foon all driven oft.

I have never yet had^ an opportunity of

examining mercury, naturally mineralized

by acids, but this is undoubtedly volatile.

When
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When loaded with fulphur it liquefies upon

the charcoal, fiiews a blue flame, fmokes,

and gradually difappears ; but if cinnabar be

expofed to the blow-pipe upon polifhed cop-

per, the mercurial globules are fixed all

around.

§ XXV. Lead, reguMne and calcined.

As the imperfed; metals are eafily calcinT.

ed, we fiiall confider lead under the two

forms, viz. reguline and calcined.

Lead readily fufes, and continues for fomc

time to retain a metallic fplendor ; by a

more intenfe heat it boils and fmokes j hence

a yellow circle is formed upon the charcoal.

It communicates a fcarce vifible yellow co-

lour to fluxes i and when the quantity is

large, the globule, on cooling, contrads a

white opacity more or lefs perfed : when
dilfolved it is not precipitated by copper.

The metals do not precipitate it from ful-

phur in the fame order as from acids.

Lead united to aerial acid, on the firfl:

touch of the flame grows red j when the

heat is encreafed it flows, and is reduced to

numberlefs minute globules. When united

with phofphoric acid it fufes, and yields an

opaque globule, but is not reduced. With
^uxes it fhews the fame habits as calx of lead.

Mineralized Lead.

Sulphurated lead (galena) eafily liquefies,

and,



and, being gradually deprived of the volatile

part, yields a diftinft regulus, unlefs too

much loaded with iron. It may be preci-

pitated by iron and copper.

§ XXVI. Copper, reguline and calcined,

A fmall piece of copper, either folid or

foliated, fometimes communicates a ruby co-

lour to fluxes, efpecially when afiifted by

tin or turpeth mineral (§ xii.) : if the

copper be a little more or a little further cal-

cined, it produces a green pellucid globule,

the tinge of which grows weaker by cool-

ing, and ev^n verges to a blue. By long

fufion with borax on the charcoal (but

hardly in the fpoon) all the colour is at

length deftroyed, and can fcarcely be re-pro-

duced by nitre, but this colour remains

fixed with microcofmic fait. If the calx, or

metal to be calcined, during fufion is added

in confiderable quantity, upon cooling it

acquires an opake red, although, while

fufed, it is pellucid and green by a flill

larger quantity it contracts opacity, even

while in fufion, and upon cooling a metal-

lic fplendor. Veftiges of copper, fo faint

as fcarcely to tinge the flux, precipitate a

vifible pellicle upon a piece of poliflied iron

added to it during /rrong fufion, and the

globule in its turn takes the colour of iron ;

in this way the fmalleft portions of copper

may be difcovered.
The
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The globule made green by copper,

fufed in the fpoon with a fmall piece of

tin, until the colour is difcharged, yields a

fphserule of tin, mixed with copper, very

hard and brittle : in this cafe the precipi-

tated metal pervades the whole of the mafs,

and does not adhere to the furface.

Cobalt precipitates the calx of copper,

diffolved in the fpoon by flux, in a metallic

form, and imparts its own colour to glafs,

which nickel cannot do. Zinc alfo preci-

pitates it feparately, and rarely upon its

own furface, as its fufion can fcarcely be
avoided.

Mineralized Copper,

Copper loaded with aerial acid, at the firfl

touch of the flame grov/s black, and fufes

in the fpoon : on the charcoal the lower
part, which touches the ignited fupport, is

reduced.

When loaded with a fuperabundance of
marine acid it tinges the flame (§ xiv.) j

but with a fmall quantity it fliews in that
way no appearance of the metal. Thus the
beautiful cryflals of Saxony, which are cubic
and of a deep green, do not tinge the flame ;

they impart to microcofmic fait a pellucid
greennefs, I could not obtain with that fait

an opaque rednefs, although this colour is

eafily produced in a globule of borax.
Copper Amply fulphurated (alhen ore of

copper) when cautioufly and gently roafted
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by the exterior flame, finally by fufion yields

a regulus furrounded by a fulphurated cruft ;

the mafs, roafted with borax, feparates the

regulus more quickly.

When iron is prefent, but in fmall quan-

tity, the piece to be examined muft be firft

roafted ;
let it then be difiblved in borax,

and tin added to precipitate the copper.

The regulus may alfo be obtained by lufH-

cient calcination and fufion, even without a

precipitant, unlefs the ore be very poor.

When pyrites contain copper, though lefs

than 0,01 of their weight, yet its prefence

may be detefted by thefe experiments in

fmall : let a ^rain, the fize of a flax -feed, be

roafted, but not fo much as to expel all the

fulphur j let it be then well difiblved by

borax, a polifhed rod of iron added, and the

fufion continued until the furface, when

cooled, lofes all fplendor. So much borax

is required as will be fufficient to make the

whole of the fize of a grain of hemp-feed.

Slownefs of fufion is injurious, and by too

great tenuity the precipitation is retarded ;

this may be corredied by the addition of a

little lime ; too much calcination is incon-

venient, for by this the globule forms flow-

ly, is fomewhat fpread, becomes knotty when

warm, corrodes the charcoal, deftroys the

iron, and the copper does not precipitate

diftindtly this defedt is amended by a

fmall portion of the crude ore.

Wheri
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When the globule is properly fufed^ as di-

redted, immediately upon hopping the flame

let it be thrown into cold water, in order to

break fuddenly ; if the cupreous content be

lefs than 0,01, one end of the wire only

is covered with copper, which otherwise

would be entirely covered.

The celebrated Gahn, who has examined

copper ores with peculiar accuracy, has ano-

ther method of difcovering the fmaller traces

of that metal ;
namely, a grain of the ore,

well freed from fulphur by calcination, is

expofed to the adion of the flame, driven

fuddenly upon it, per vices ; and at thefe in-

ftants a cupreous fplendor appears upon the

furface, which otherwife is black ; and this

fplendor is- the more quickly produced, in

proportion as the ore is poorer.

Cupreous pyrites on roafting tinges the

flame green.

§ XXVII. Iron, reguhne and calcined.

Forged iron is calcined, but can fcarcely

be fufed, and when fufed liquefies.

Forged iron cannot be fufed by borax
^

it

fufes in microcofmic fait, but is rendered

brittle.

Calcined iron, by heating on the charcoal,

becomes magnetic—in the fpoon it fufes.

The fluxes grow green with this metal •

but in proporton as the phlogiflon is more

I deficieni
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deficient they grow more of a brownifh yel-

low : on cooling the tinge is much weaken-

ed ; nay, when originally weak, entirely va-

nifhes. By too much faturation the globule

becomes black and opake.

The fulphureous pyrites may be collected

into a globule by fufion, and is firft fur-

rounded by a blue flame ; but as the me-
tal is eafily calcined, and changes into black

fcorias, neither by itfelf, nor with fluxes,

does it exhibit a regulus ;—on roafting it

grows red.

§ XXVIII. ‘Tint reguline and calcined.

Tin eafily liquefies, and is calcined.

The fluxes dilfolve the calx fparingly j

and, when faturated, contrad; a milky opa-

city. Some flight veftiges of this metal,

diflblved in any flux, may be diftindly pre-

cipitated upon iron.

Cryftallized ore of tin, urged by fire upon

the charcoal, yields its metal reduced.

§ XXIX. Bifmuth, regidme and calcined,

Bifmuth has nearly the fame habits as

lead j
the calx is reduced upon the coal,

it is fufed in the fpoon.

The calx, diifolved in microcofmic fait,

yields a brownifli yellow globule, which
grow©
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grows more pale upon cooling, at the fame

time loling fome of its tranfparency : by
too much calx a perfedt opacity is pro-

duced.

A fimilar mafs is obtained with borax in

the fpoon ; but on the coal a grey one,

which can fcarcely be freed from bubbles.

On fufion, the glafs fmokes, and forms a

cloud about it.

Bifmuth is eafily precipitated by copper

and iron.

Mineralized Bifmuth.

Sulphurated bifmuth is eafily fufed, ex-

hibiting a blue flame and a fulphureous

fmell. Cobalt, when added, by means of
the fulphur, enters the globule ; but the

fcoria foon fwells into diftindt partitions,

which, further urged by fire, exfudes glo-

bules of bifmuth.

Sulphurated bifmuth, by the addition of
borax, may be diftindtly precipitated by iron

or manganefe.

§ XXX. Nickeli reguline and calcined.

The regulus of nickel fufed is indeed

calcined, but more flowly than other me-
tals.

The calx imparts to fluxes an hyacinthine

colour, which on cooling grows yellow,

7 and
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and by long-continued fire may be deftroy-^

ed } if the calx of nickel is contaminated by

ochre of iron, the latter is firll difiblved.

Nickel diffolved is precipitated on iron,

nay on copper—an evident proof that it does

not originate from either of thefe metals.

Mineralized Nickel.

Sulphurated nickel is no where found

without iron and arfenic : the regulus is

obtained by roafting, and fufing with borax,

though it dill remains mixed with fome

other metals.

§ XXXI. Arfenic i
reguline and calcined.

• Regulus of arfenic kindles by a fudden

heat, and not only depofits a white fmoke

on the charcoal, but diflfufes the fame co-

pioufly all around. The calx fmokes with a

garlic odour, but cannot burn.

By a proper quantity the fluxes grow yel-

low, without opacity ; and by a long-conti-

nued fire the volatile additament is difpelled.

Iron' and copper precipitate this femi-metal

under a metallic form, which gold is not-

able to do.

Yellow arfenic liquefies, fmokes, and to-

totally flies old : when heated by the ex-

terior flame, fo as neither to liquefy nor

fmoke, it grows red, and again, upon cool-

ing,-
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mg, yellow j if it only begins to^ fufe, it

acquires a red colour, which remains after

cooling. Realgar liquefies more eafily, and

is befides totally diffipated.

§ XXXII. Cobalt, reguline and calcined.

The regulus of cobalt fufes, and may

partly be depurated by borax, for the iron

is firft calcined and taken up. The fmall-

eft portion of the calx tinges the flux of a

deep blue, which yet, when feen by refrac-

tion, appears violet : this colour is very

pertinacious in the fire. Cobalt is precipi-

tated upon iron from the blue globule, but

not upon copper.

When calx of iron is mixed with that of

cobalt in a flux, the former is diflfolved.

Mineralized Cobalt.

Cobalt, in fufion, takes up about one third

of its own weight of fulphur, but then af-

fumes fo refradlory a nature, that it can

fcarcely be fufed. Iron, copper, and feveral

other metals, precipitate cobalt.

The common ore, by roafling and fufion,

yields a regulus, though an impure one.

The green cobalt, which I have hitherto

examined, tinges the microcofmic fait in-

deed of a blue, but at the fame time fiiews

red fpots indicating copper.

Vol.il LI § XXXIII
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§ xxxm. Zinc
^ reguline and calcined.

Fufed zinc takes fire, fending forth a la-

nuginous white calx, which foon extin-

guifiies the beautiful bluilh green flame

;

but if the reguline nucleus, included in this

lanuginous matter, be urged by the fire, it is

inflamed now and then, but flies about, and
as it Were explodes.

When added to borax, it excites a fpu-

mefcence, a:nd at firft tinges the flame j it

continually diminilhes, and the flux fpreads

upon the charcoal : but in fufed microcof-

mic fait it not only occafions fpumefcence,

but fends forth feveral flafhes, with a crack-

ling noife. By too great heat it explodes,

fending forth ignited particles.

The white calx, expofed to the flame on
the charcoal, puts on a yellowilh fplendor,

which, when the flame ceafes, vanilhes—it

remains fixed and refradtory. The fluxes are

fcarely tinged, but when faturated by fufion,

on cooling grow opake and white. Around
the globules clouds appear. Which are of a

nature fimilar to that of the metallic calx.

Diflblved zinc is not precipitated by any

other metal.

That zinc which Contains aerial acid has

the fame properties as calcined zinc.

In the pfeudo galenae fulphur is prefent by

means of iron. Thefe in general (upon the

7 charcoal)
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charcoal) fmell of fulphur, fufe, and tinge

the flame more or lefs, depofiting a cloud

all around. The fluxes diffolve; thofe which

have no matrix are tinged by thofe which

contain iron, and by faturation acq[uire a

white opacity, which verges to brown or

black, according to the variety of compofl-

tion.

§ XXXIV. Antimony i reguUne and calcined.

Regulus of antirnony, fufed, and ignited

upon the charcoal, affords a beautiful objedt;

for if the blafl; of air be fuddenly flopped,

a white fmoke rifes copioufly and perpendi-

cularly, while in the mean time the inferior

part round the globule is condenfed into

cryflalline fpiculae, analogous to thofe which

are commonly called argentine flowers.

The calx tinges fluxes of an hyacinthine

colour, but on fufion fmokes, and is eafily

diflipated, efpecially on the charcoal
;

yet it

alfo there depoflts a clond.

The diffolved metal may be precipitated by

iron and copper, but not by gold.

/

Mineralized Antimony,

Crude antimony liquefies upon the char-

coal, fpreads, fmokes, penetrates it, and in

conclufion difappears totally, except a ring

which it leaves behind.

L 1 2 § XXXV.
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§ XXXV. ManganefCy reguline and calcined.

The regiilus of manganefe fcarcely yields

to the flame ; for a fmall particle is eafily

calcined, and a large one cannot be made
fufficiently hot.

The black calx imparts a bluilh red co-

lour to the fluxes ; the tinge of borax, unlefs

v/ell faturated, is more yellow. The co-

lour may be gradually altogether deftroyed by

the interior flame, and again re- produced by

a fmall particle of nitre, or the exterior flame

alone ; thefe changes may be alternated ad
libitum .—The caufe of this is elfewhere ex-

loaded wjth aerial acid it is of a

white colour, which by ignition is foon

changed to a black.—In other refpedls this

fhews the fame phaenomena as the black

calx.

§ XXXVI. Conclufion.

From what has been faid I think it ap-

parent, that the blow-pipe is an inftrument

extremely ufeful, nay neceflfary, to chemifls j

for many experiments are daily negledled,

I ft, Becaufe they require furnaces, and a

large apparatus of veflfels ;—^yet many of thefe

may ealily be performed by means of the

apparatus above defcribed : 2d, From the

want of time neceffary for examining in the

ordinary

plained.

When
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Dfdinary way whereas the experiment^

above mentioned may be finifhed in a fev?'

minutes :
3d, Th^ ufual method of exa-

mination requires a certain quantity of the

matter to be examined, which prevents the

examination of fuch as are fcarce or dear j

—but in our way the fmalleft particle is fuf*

ficient,
_

However, the conveniencies now de-

fcribed, though of great weight, are attend-

ed with this defeat, that they do not deter-

mine the proportions, or at lead: point them

out but very inaccurately, and therefore are

not to be preferred to the larger trials, unlefs

when time or other circumftances prevent

them. But the firft enquiry to be mads is,

what a fubdance contains, not how much :

and I have learned, by the experience of many

years, that thefe trials in fmall fugged the

proper method of indituting experiments at

large. Thefe experiments have beddes forne

advantages over thofe conduced in cruci-

bles, viz. we can fee all the phenomena

frorn beginning to end, which wonderfully

illudrates the feries of operations, and their

caufes (§ XXI. xxx.—xxxv.). Experiments

made in crucibles are often fallacious, as the

fubdance of the veffel itfelf is corroded.

We fuppofe that lime or magnefia, melted

w'ith fixed alkali, are united with it in the

way of folution j
but the globule, when

well fufed in the fpoon, by its tranfparency

permits us plainly to fee that, except the
^ filiceous
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filiceoiis part, it is only, mechanically mixed

(§ xvi.). The moft infenfe degree of heat

may in this way be obtained in a few mi-
nutes,- which is fcarcely obtained in many
hours in a crucible (§ xm, xxiii.).
' This may be fufficient for the commen-

dation of the blow-pipe j—thofe who ufe it

will gradually difeover more of its valuably

properties, : ^

END OF THE SECOJ{D VOLUME.
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